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Abstract 
Drawing on participatory action research, this study identifies the pedagogies 
necessary to advance reasoning, which is one of the proficiencies from the Australian 
Curriculum: Mathematics, and explores how reasoning leads to greater productive 
disposition. With the current emphasis on science, technology, engineering and 
mathematics (STEM) in schools, this research is timely. This thesis makes an 
original and substantive contribution to the understanding of why and how teachers 
can most effectively advance student proficiency in reasoning through targeted 
instructional strategies and style of instruction. The study explores the ways in which 
teacher practices, when focused on reasoning, enhance the disposition of students 
towards greater mathematical proficiency. The study does not claim generalisability 
across other populations of teachers and students, or across all mathematics 
classrooms, due to the small select sample drawn upon; however, it draws attention 
to the teaching and learning of mathematics and the necessity for the proficiencies, in 
particular reasoning, to play a key role. 
This research: (a) was grounded in lived experience; (b) was developed in 
partnership; (c) addressed significant problems; (d) worked with teachers rather than 
studying them; (e) developed new ways of seeing/theorising mathematics teaching 
and learning; and (f) has left a foundation for reasoning to impact teaching and 
learning, and most importantly dispositions and student capacity. 
The literature review is organised into five topics: (a) background history 
behind the development of the Australian Curriculum: Mathematics proficiencies, in 
particular reasoning; (b) defining traditional school mathematics teaching and 
learning; (c) reasoning – the need to move from procedural understanding to 
conceptual understanding; (d) teacher pedagogy and practice, including inquiry as a 
pedagogy in teaching and learning mathematics; and (e) student dispositions towards 
mathematics. The theoretical framework presents constructivism to provide an 
effective conceptual basis to address the research questions.  
Major findings indicate that specific practices, such as questioning, journaling 
and discussion, work to benefit students’ reasoning abilities and dispositions in 
primary mathematics classrooms.  
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This study aimed to make a life-changing impact on the teaching styles of the 
five teachers involved and on learning outcomes in mathematics, and therefore 
enhance students’ disposition in mathematics now and in the future. Through sharing 
this journey it is hoped the study will advance the proficiencies as a powerful 
influence on mathematics teaching and learning and on teacher and student 
dispositions.
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Chapter 1:  Introduction 
This research study investigated the proficiency strands, in particular 
reasoning, in the Australian Curriculum: Mathematics (Australian Curriculum, 
Assessment and Reporting Authority [ACARA], 2010), and how the reasoning 
strand was implemented into teachers’ pedagogy practices in the classroom. In doing 
so, the study also explored the ways in which the pedagogy practices enhanced the 
disposition of students towards greater mathematical proficiency. This research study 
is timely given the current focus on science, technology, engineering and 
mathematics (STEM) in schools. 
This chapter commences with the major concern that led to the study, followed 
by the scope and definitions, the significance of the study and its design, the research 
questions and the thesis structure.  
Current Concern 
The study developed as a consequence of a school audit in mathematics and 
professional conversations with teachers at the school where the researcher was a 
numeracy coach and Head of Teaching and Learning. From these discussions, one 
question kept emerging, “Why aren’t we reporting on the proficiency strands if we 
are reporting on the content strands?” After some discussion and honest sharing, 
fifteen of the eighteen teachers said they could not report on the proficiency strands 
as they did not have enough knowledge and were not explicitly planning or using the 
proficiency strands in their teaching. This was a major concern and consequently was 
the impetus for the study. Weighing heavily on this concern was that the proficiency 
strands have been publicly accessible on the web since 2010.  
The Proficiency Strands 
In 2010, ACARA released the Australian Curriculum: Mathematics online 
curriculum for use by Australian schools (ACARA, 2010). The mathematics 
curriculum is organised into two strands, the content strands and the proficiency 
strands, which are then sub-divided into three content strands and four proficiency 
strands. The content strands describe what is taught and comprise: Number and 
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Algebra, Measurement and Geometry, and Statistics and Probability. The proficiency 
strands describe how the content is to be applied and comprise: Understanding, 
Fluency, Problem Solving and Reasoning. 
Understanding involves students building  
a robust knowledge of adaptable and transferable mathematical concepts. 
They make connections between related concepts and progressively apply 
the familiar to develop new ideas. They develop an understanding of the 
relationship between the ‘why’ and the ‘how’ of mathematics. Students build 
understanding when they connect related ideas, when they represent 
concepts in different ways, when they identify commonalities and 
differences between aspects of content, when they describe their thinking 
mathematically and when they interpret mathematical information. 
(ACARA, 2010, Overview) 
Fluency involves students developing 
skills in choosing appropriate procedures, carrying out procedures flexibly, 
accurately, efficiently and appropriately, and recalling factual knowledge 
and concepts readily. Students are fluent when they calculate answers 
efficiently, when they recognise robust ways of answering questions, when 
they choose appropriate methods and approximations, when they recall 
definitions and regularly use facts, and when they can manipulate 
expressions and equations to find solutions. (ACARA, 2010, Overview) 
Problem Solving involves students developing 
the ability to make choices, interpret, formulate, model and investigate 
problem situations, and communicate solutions effectively. Students 
formulate and solve problems when they use mathematics to represent 
unfamiliar or meaningful situations, when they design investigations and 
plan their approaches, when they apply their existing strategies to seek 
solutions, and when they verify that their answers are reasonable. (ACARA, 
2010, Overview) 
Reasoning involves students developing  
an increasingly sophisticated capacity for logical thought and actions, such 
as analysing, proving, evaluating, explaining, inferring, justifying and 
generalising. Students are reasoning mathematically when they explain their 
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thinking, when they deduce and justify strategies used and conclusions 
reached, when they adapt the known to the unknown, when they transfer 
learning from one context to another, when they prove that something is true 
or false and when they compare and contrast related ideas and explain their 
choices. (ACARA, 2010, Overview) 
The proficiency strands are designed to assist teachers with how to teach the 
mathematics content strands and engage students in thinking, doing and 
investigating. Here, the teacher plays a critical role in encouraging students to 
maintain positive attitudes toward mathematics. Of importance are teachers’ views 
on their teaching practice and how students identify themselves as mathematics 
learners (Kilpatrick, Swafford, & Findell, 2001, p. 132). This study argues that 
students must develop productive dispositions toward mathematics in such ways that 
they believe mathematics makes sense and that they can figure it out. The same 
applies to teachers; if teachers have productive dispositions towards mathematics, 
they are more likely to be effective with their teaching, which in turn will influence 
student learning. Kilpatrick, Swafford, and Findell (2001) stated that  
teachers should think that mathematics, their understanding of children’s 
thinking, and their teaching practices fit together to make sense and that they 
are capable of learning about mathematics, student mathematical thinking, 
and their own practice themselves by analysing what goes on in their classes. 
(p. 384)  
In this study, practices are instructional strategies that include all approaches a 
teacher may take to actively engage students in learning. These strategies drive a 
teacher’s instruction as they work to meet specific learning outcomes, for example, 
direct teaching, group work, questioning, inquiry, interaction, discussion or debating. 
There are three components that need to be understood relationally and in terms of 
their contribution to this research project: the proficiencies, pedagogy and productive 
disposition. Proficiencies refer to the strand in the Australian Curriculum: 
Mathematics (ACARA, 2010) which is sub-divided into understanding, fluency, 
problem solving and reasoning. Pedagogy is the art, science and craft of teaching; the 
function or work of a teacher, the activities of educating, teaching or instructing 
(Smith, 2012). Productive disposition refers to the tendency to see sense in 
mathematics, to perceive it as both useful and worthwhile, to believe that steady 
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effort in learning mathematics pays off, and to see oneself as an effective learner and 
doer of mathematics (Kilpatrick et al., 2001).  
Significance of the Study 
The significance of this research is in the mandate set in the Australian 
Curriculum: Mathematics (ACARA, 2010) for the inclusion of the proficiencies in 
mathematics teaching and learning. How they are expressed and implemented in 
classrooms is the platform for this research. The addition of reasoning to the content 
strands brings new demands upon teachers and students and expectations of active 
teaching and learning. Kilpatrick et al. (2001) acknowledged that “instruction that 
develops mathematical proficiency is neither simple, nor well understood” (p. 359), 
coming in many forms and following a variety of paths. In doing so, they highlighted 
the importance of research that makes a profound difference with teachers’ practice 
and their students’ learning. To build practice around the proficiencies, in particular 
reasoning, a greater understanding is necessary about how to teach the required 
content. An investigation of teachers’ pedagogical practices requires establishing 
what is to be understood in order for students to learn and work mathematically.  
Research Design 
Participatory action research methodology was used in this research as its 
purpose was to solve a problem here and now, in a local setting, improving student 
learning by introducing more effective teaching strategies (Efron & Ravid, 2013). 
This research sought to address the problem of the need for greater understanding of 
reasoning and to unlock the power this brings to teaching and learning. In doing so it 
addressed pedagogical practices needed to establish reasoning as a practice in 
teaching and learning mathematics. This study further considered the dispositional 
affects that teaching and learning with an emphasis on reasoning can have.  
The participants of the study included five teachers and thirty-nine students 
from Year 4 in a low socioeconomic status (SES) private school located in regional 
Queensland. The mathematics program in the school was on a developing journey 
with the release of the Australian Curriculum: Mathematics (ACARA, 2010) and the 
need to align with this mandate, as well as working with a consultant who was one of 
Australia’s foremost experts on primary mathematics education, a senior lecturer at 
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Griffith University and widely published at the academic level. Over the past two 
years the consultant had challenged and supported staff through student-free 
professional development workshops to explore their mathematics knowledge and 
build assessment for learning practices using diagnostic tools. This professional 
development aimed to build: a robust sense of number; an understanding of place 
value; meaning for the basic operations; computational facility; and knowledge of 
how to apply this to problem solving.  
The purpose  
The purpose of this study was to 
 identify and develop further pedagogical practices suitable for 
implementation and maintenance of the reasoning strand; 
 observe whether students’ mathematical dispositions develop with the 
inclusion of the reasoning strand and improvements in pedagogical 
practices; and  
 draw implications for teaching and learning in mathematics from the 
inclusion of the reasoning strand in the mathematics curriculum. 
The scope was restricted to the Australian Curriculum: Mathematics 
proficiency strands (ACARA, 2010), and in particular reasoning, pedagogy practices 
and student dispositions. This participatory action research initially met the needs of 
five teachers and their students through developing knowledge, understanding, 
strategies and styles to develop the four proficiencies for teachers and students. This 
study cannot claim generalisability across other populations of teachers and students, 
or across all mathematics classrooms because of the small select sample drawn upon; 
however, by highlighting the accounts of teachers and students in two mathematics 
classrooms and the associated experiences identified in them, it draws attention to the 
teaching and learning of mathematics and the key role played by reasoning. 
Research questions 
This study examined teachers’ pedagogy, the implementation of reasoning and 
student disposition. To do so, the following research questions guided the study: 
1. What pedagogical practices are deemed suitable for implementation and 
maintenance of the strand reasoning?  
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2. To what extent are students’ productive mathematical dispositions, as 
perceived by teachers, enhanced with the inclusion of reasoning and 
suitable pedagogical practices?  
3. What implications can be drawn about pedagogical practices, student 
dispositions and the inclusion of reasoning? 
These questions will be addressed in subsequent chapters. 
Thesis Structure 
Chapter 1 has outlined the overall view and purpose, the background and the 
context of the research, described the significance and scope of the research and 
provided definitions of terms used. 
Chapter 2 reviews the literature around the proficiencies, effective pedagogy 
and student dispositions. It is organised into five topics (a) background history 
behind the development of the Australian Curriculum: Mathematics proficiencies, in 
particular reasoning; (b) defining traditional school mathematics teaching and 
learning; (c) reasoning – the need to move from procedural understanding to 
conceptual understanding; (d) teacher pedagogy and practice, including inquiry as a 
pedagogy in teaching and learning mathematics; and (e) student dispositions towards 
mathematics. In doing so, it examines the assumptions, practices and processes 
associated with the proficiencies and the consequences for students’ dispositions 
when learning mathematics. The chapter concludes with the identification of the 
major gaps in the research literature that the study seeks to address. 
Chapter 3 describes the theoretical framework, constructivism. It presents 
constructivism as the theoretical framework informing the study, to provide a 
theoretical foundation from which to address the research questions and guide the 
study. 
Chapter 4 describes the methodology – action research – and various features 
of the research design in detail. It also presents the educational and social contexts 
which locate and define the study and indicates the means by which the data was 
obtained. It concludes with a justification of the research process and its outcomes in 
terms of trustworthiness and ethical standards.  
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Chapter 5 is the analysis and discussion chapter and addresses research 
questions one and two. In doing so it uses the dimensions of constructivism 
described in Chapter 3 to provide the organising framework for the analysis in this 
chapter.  
The concluding chapter, Chapter 6, responds to the third research question. In 
doing so, it brings together the findings from the data to describe pedagogical 
practices, student dispositions and reasoning. Limitations to the study are also 
considered. Finally, recommendations as a consequence of the study are provided 
and directions for future research are offered.  
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Chapter 2:  Literature Review 
The previous chapter provided an introduction to the focus of the study. In 
doing so, it contextualised the study and stated the purpose and the research 
questions that guided the process. This chapter, the literature review, is organised 
into the following main topics: (a) background history behind the development of the 
Australian Curriculum: Mathematics proficiencies, in particular reasoning; (b) 
defining traditional school mathematics teaching and learning; (c) reasoning – the 
need to move from procedural understanding to conceptual understanding; (d) 
teacher pedagogy and practice, including inquiry as a pedagogy in teaching and 
learning mathematics; and (e) student dispositions towards mathematics. It examines 
the practices and processes associated with the proficiencies and the consequences 
for students’ dispositions when learning mathematics. The chapter concludes with 
the identification of the gaps in the research literature that the study seeks to address. 
Each topic is now addressed in turn, with specific attention to their detail and 
implications for student learning. 
The Development of the Australian Curriculum: Mathematics Proficiencies 
The inclusion of the proficiency strands into the Australian Curriculum 
(ACARA, 2010) necessitated an investigation of their origins, that is, what or who 
had informed them and where they had been implemented. The reform movement of 
the 1980s and 1990s in the USA pushed for a strong emphasis on the development of 
“mathematical power” which encompassed: (a) reasoning, (b) solving problems, (c) 
connecting mathematical ideas, and (d) communicating mathematics to others 
(Kilpatrick et al., 2001, p. 115). Mathematical power refers to an individual’s ability 
to “explore, conjecture, and reason logically, as well as an ability to use a variety of 
mathematical methods effectively to solve non-routine problems” (National Council 
of Teachers of Mathematics, 1989, p. 5). 
This push was a consequence of deficiencies in school mathematics programs 
first identified after World War II and later highlighted by the performance of Sputnik, 
each sparking a new era of thought concerning instructional programs in school 
mathematics (National Council of Teachers of Mathematics, http://www.nctm.org; see 
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also Fauvel & Van Maanen, 2002). The emphasis of these “mathematical powers” was 
taken up by the National Research Council (Kilpatrick et al., 2001) and the National 
Council of Teachers of Mathematics.  
The National Research Council and the National Council of Teachers of 
Mathematics 
Towards the end of 1998, a Committee on Mathematics Learning was 
established by the National Research Council (NRC; Kilpatrick et al., 2001). It was 
formed at the request of the Division of Elementary, Secondary, and Informal 
Education in the National Science Foundation’s Directorate for Education and 
Human Resources and the US Department of Education Office of Educational 
Research and Improvement. The NRC framework developed five strands of 
mathematical proficiency: (a) Conceptual Understanding, (b) Procedural Fluency, (c) 
Adaptive Reasoning, (d) Productive Disposition, and (e) Strategic Competence. 
The uptake of the strands was followed by the publishing of the Principles and 
Standards for School Mathematics (National Council of Teachers of Mathematics 
[NCTM], 2000), which also outlined the essential components of a high-quality 
school mathematics program with five strands of mathematical proficiency: (a) 
Problem Solving, (b) Reasoning and Proof, (c) Communicating, (d) Representing, 
and (e) Connecting. Although the NRC framework and the NCTM principles and 
standards used different terminology, correlations between them were identified and 
are shown in Table 2.1. 
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Table 2.1 
Comparison of NRC Framework and NCTM Principles and Standards 
Five strands of mathematical proficiency 
(NRC) 
Principles and Standards for School 
Mathematics (NCTM) 
Strategic Competence: 
Formulating, representing, and solving 
mathematical problems. 
Problem Solving: 
Applying a variety of appropriate strategies. 
Monitoring and reflecting on the process of 
mathematical problem solving. 
Adaptive Reasoning:  
Using logical thought, reflection, explanation 
and justification in solving problems. 
Reasoning and Proof: 
Making and investigating mathematical 
conjectures. Developing arguments and proofs.  
Conceptual Understanding: 
Comprehending mathematical concepts, 
operations, and relations.  
Communicating: 
Organizing mathematical thinking coherently 
and clearly to peers, teachers and others. Using 
the language of math to express mathematical 
ideas precisely.  
Procedural Fluency: 
Carrying out mathematical procedures, such as 
adding, subtracting, multiplying, and dividing 
numbers flexibly, accurately, efficiently, 
appropriately and with understanding.  
Representing: 
Creating and using representations to organize, 
record, and communicate mathematical ideas. 
Using models and interpreting mathematical 
phenomena. 
Productive Disposition: 
Seeing mathematics as sensible, useful, doable 
and worthwhile, coupled with a belief that if 
you work at it, you can achieve. 
Connecting: 
Recognizing and using connections among 
math ideas. Understanding how mathematical 
ideas interconnect and build on one another to 
produce a coherent whole. 
 
To explain the correlation between, for example, Reasoning and Proof 
(NCTM) and Adaptive Reasoning (NRC), similar processes were identified, that is, 
investigating, explaining, reflection and argument, for example. The intention of 
these processes was to develop within students the capacity to reason and prove 
mathematical findings. Connecting could also fit with Conceptual Understanding and 
Communicating overlaps into Adaptive Reasoning. Correlations were made using 
similar processes in all matches in the table above.  
Further development of these proficiencies continued with the development of 
the US Common Core Standards which informed the Australian Curriculum: 
Mathematics (ACARA, 2010).  
US Common Core States Standards Initiative 
Following the emphasis of the NRC and NCTM, the US Common Core States 
Standards Initiative (Kilpatrick et al., 2001) developed this work further, creating eight 
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proficiencies under the term Standards for Mathematical Practices. They included: (a) 
making sense of problems and persevering in solving them, (b) reasoning abstractly 
and quantitatively, (c) constructing viable arguments and critiquing the reasoning of 
others, (d) modelling with mathematics, (e) using appropriate tools strategically, (f) 
attending to precision, (g) looking for and making use of structure, and (h) looking for 
and expressing regularity in repeated reasoning. The focus of the standards was to 
build on the same concepts of NCTM and NRC rather than moving in a different 
direction, and to build on the knowledge that a balance between procedure and 
understanding were critical. This development came about because a lack of student 
understanding effectively prevented them from engaging in the mathematical learning. 
The development of these frameworks, principles and standards and the 
standards initiative all informed the development of the Australian Curriculum: 
Mathematics (ACARA, 2010) which decided on just four proficiencies. Primarily 
taken from the NRC proficiencies these included: understanding, which was adapted 
from conceptual understanding; fluency, which was adapted from procedural fluency; 
reasoning, which was adapted from adaptive reasoning; and problem solving, which 
has been adapted from strategic competence. 
The Australian Curriculum: Mathematics proficiency strands 
The Shape of the Australian Curriculum: Mathematics (2009), written by the 
National Curriculum Board (NCB) for the purpose of guiding the writing of the 
Australian mathematics curriculum K–12, set guidelines for the development of the 
proficiency strands that were subsequently expanded by Sullivan (2012): 
The four proficiencies (understanding, fluency, problem solving and 
reasoning) provide a clearer framework for mathematical processes than 
simply “working mathematically” and are more likely to encourage teachers 
and others who assess student learning to move beyond a focus on fluency, 
however, there will need to be support for teachers if they are to incorporate 
them into the curriculum. (p. 175) 
The board proposed that the national mathematics curriculum use the four 
proficiency strands of understanding, fluency, problem solving, and reasoning, 
adapted from the recommendations in Adding it Up (Kilpatrick et al., 2001), to 
elaborate expectations for these processes. The proficiency strands define the range 
 Chapter 2: Literature Review 13 
and nature of expected actions in relation to the content described for each of the 
content strands (NCB, 2009, p. 5). 
The Australian Curriculum: Mathematics (ACARA, 2010) describes the four 
proficiencies mentioned previously as actions or verbs, in which students engage 
when learning and using the content. ACARA (2010) proposed that the content be 
arranged in three strands that can be thought of as nouns, and four proficiency 
strands that can be thought of as verbs, as Sullivan (2012) stated:  
The intention in the Australian Curriculum: Mathematics is that the 
proficiencies apply to all aspects of mathematics. The metaphor of verbs 
acting on nouns describes the explicit intention to ensure that the emphasis is 
on the full range of mathematical actions and not just fluency. The challenge 
for teachers is to find ways to incorporate a balance of these different 
teaching verbs in their teaching. (p. 182)  
The proficiency strands explained the significance of working mathematically within 
the content, thus describing the exploration and development of the content and 
emphasised to teachers that doing mathematics was more than procedural fluency. 
The proficiencies provided the language to build in the developmental aspects of the 
learning of mathematics. Table 2.2 describes this process. 
Table 2.2  
Proficiency Language in the Australian Curriculum: Mathematics 
Proficiency strands Actions/Verbs 
Understanding Connecting, representing, identifying, describing, interpreting, sorting 
Fluency Calculating, recognising, choosing, recalling, manipulating 
Problem solving Applying, designing, planning, checking, imagining 
Reasoning Explaining, justifying, comparing, contrasting, inferring, deducing, proving 
Note. Adapted from Australian Curriculum: Mathematics by ACARA, 2010. 
The development of the four proficiencies has raised discussion and debate 
amongst mathematics educators. Atweh and Goos (2011) raised concerns about the 
lack of implementation of the proficiencies into the main body of the curriculum as 
elaborations of the content showed a heavy focus on what could be considered the first 
two proficiencies of understanding and fluency, and, to much lower levels, on 
reasoning and problem solving. Lowe (2013), however, argued that the proficiencies 
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represented the “why” of mathematics teaching, thus supporting students with 
understanding and making connections with other mathematical ideas and everyday 
life. Understanding is about knowing the “why” as well as the “how” of mathematical 
ideas. It is a prerequisite to any kind of skill development, specifically the fluency 
proficiency (Lowe, 2013). The strongly held fallacy that students will understand if 
they are given more practice without understanding leads to rote learning only, which 
might be important and useful for limited situations, but not for creating students who 
will continue their lifelong mathematics learning (Lowe, 2013). 
In contrast, Askew (2012, p. 29) identified that describing “understanding” as 
an “action” was difficult because how do you “do” understanding? To provide some 
clarity, he argued two points: Understanding is about: (a) building robust knowledge 
of mathematical concepts, and (b) making connections between related ideas. With 
this clarity came further consternation. Askew (2012) struggled with describing 
thinking because he could not see the difference from the explaining or justifying in 
the reasoning proficiency, or with communicating solutions in problem solving. An 
action of understanding is to develop an understanding, which is “well … taking us 
in circles” (Askew, 2012, p. 20). He concluded that “paying attention in mathematics 
lessons to a good balance of the actions involved in fluency, problem solving and 
reasoning will lead to connected, robust, related understanding” (p. 20).  
Askew (2012) took the stance of the proficiencies as actions, which meant 
moving from seeing school mathematics as a body of knowledge for learners to 
acquire, to an activity to engage in from preformed to performed. He accepted 
fluency as a proficiency where learners could engage in the action of recalling factual 
knowledge and concepts. Lowe (2013), however, linked fluency to understanding, 
stating that fluency is about the capacity and ability of the learner to recall previously 
learned information readily “so that the skills that flow from understanding become 
habitual and the learner can use them to proceed to higher levels” (p. 11). 
When describing problem solving Lowe (2013) made links from understanding 
and fluency towards problem solving, stating that problem solving “is the ability to 
call on a range of understandings and skills (in which one is fluent) to solve problems 
involving mathematics” (p. 11). He made clear that students needed to be given the 
opportunities to go past the worked example from a book, or the instructions from a 
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teacher, to being involved in interesting problems at just the right level so that they 
could develop both problem-solving strategies and confidence in using them. 
Atweh, Miller, and Thornton (2012) raised concerns about the articulation of 
the proficiencies in the content descriptors and their absence from articulation of 
assessment which the Melbourne Declaration on Education Goals for Young 
Australians (Ministerial Council on Education, Employment, Training and Youth 
Affairs [MCEETYA], 2008) and the Shape of the Australian Curriculum: 
Mathematics (NCB, 2009) had prescribed the proficiencies to do by stating, 
“expectations for these four proficiency strands will be elaborated to inform teaching 
and assessment” (NCB, 2009, p. 7). The Shape of the Australian Curriculum: 
Mathematics (2009) stated that “each of the ‘content descriptions’ in the mathematics 
curriculum will include terms related to understanding, fluency, problem solving or 
reasoning” (p. 7), however this was rarely evident in the Australian Curriculum: 
Mathematics document.  
Atweh et al. (2012) queried the synergy between the proficiencies’ stated aims 
and rationale, and the content and its articulation as it is minimalist in the year level 
descriptions of expectations. The authors expressed their unease about the 
articulation of the proficiencies in the content descriptors and their absence from 
articulation of assessment in the Achievement Standards and Work Sample 
Portfolios. To achieve the Melbourne Declaration goals (MCEETYA, 2008), Atweh 
et al. (2012, p. 13) argued a “shift in focus from what knowledge and skill is required 
in/by mathematics and in schools to a focus on what is required for a citizen to 
become a confident and effective user of mathematics in society” was necessary. The 
proficiencies encouraged this, particularly the reasoning and problem solving 
proficiencies. Further, Atweh et al. questioned the types of classroom practices the 
curriculum might enable, encourage or embody, especially when the question was 
raised about whether only lip service had been paid to the proficiencies. 
The call for teaching and learning mathematics with a focus on the how, 
through the proficiencies, has been led by organisations like the NCTM and followed 
by ACARA to seek new initiatives and reforms of maths education. At the root of the 
reformist approach is that mathematics is learned in ways that support inquiry, the 
idea that students need to learn with more than a procedural understanding and that 
conceptual or relational understanding need a greater focus. The NCTM (2000), 
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ACARA (2010) and scholars such as Boaler (2002) and Stolp (2005) have 
foregrounded that to reach this goal, the classroom environment, pedagogy and 
mathematical activities have to change. Although scholars who advocate for reform 
have faced criticism from those who say reform classrooms do not offer a rigorous 
curriculum where strong mathematical skills are learned, many mathematics 
education scholars continue to argue for reform since it allows for greater conceptual 
understanding in mathematics. Inquiry-based mathematics has been one of several 
ways advocated by some scholars to promote mathematical learning with 
understanding (e.g., Boaler 2002; Jaworski, 2015; Staples 2007).  
Defining Traditional School Mathematics  
Reform initiatives in mathematics are a direct response to the ways 
mathematics has been taught in schools (Cobb, Wood, Yackel, et al., 1991; Kazemi 
& Stipek, 2001). Scholars describing a traditional mathematics classroom, often 
describe the procedural nature in which problems are both taught and learnt. Cobb et 
al. (1991) stated that “mathematics in schools typically has the quality of regulations 
or arbitrary rules and conventions for many students,” (p.6) instead of a focus on 
understanding mathematical concepts. Similarly, Boaler (1997, 1999, 2000, 2002) 
who studied two schools that engaged in different mathematical instructional 
practices, articulated that in the school that engaged in traditional practices, problem 
solving in class focused on following rules and procedures. Working on non-
contextual textbook problems may also be an indicator that students are engaged in 
procedural work (Boaler, 1999). 
Bushman and Bushman (2004) suggest that these types of procedural 
mathematical activities focus on low level cognitive skills such as recalling, listing, 
or identifying mathematical facts. Such activities rarely ask students to go beyond the 
procedures and so students may be failing to grasp what researchers’ term conceptual 
understanding. This is discussed in more detail later in the chapter. Furthermore, 
Boaler’s (2002) research highlighted, students in the traditional classroom often 
listened to the teacher and then practiced the problems that were modelled by the 
teacher. In the sequence of initiation, reply, and evaluation, students do not really 
discuss mathematical ideas, nor do they construct mathematics, but are involved in 
what Richards (1991) called a sort of number talk which involves the dialogues 
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focused on following procedures. In many cases, students may not even engage in 
discussions at all. In such cases, students do not receive the benefits that come along 
with expressing a mathematical opinion such as the opportunity to clarify one’s 
mathematical reasoning.  
The role of the teacher in traditional classrooms is to mainly explain ideas, 
demonstrate procedures and allow students time to practice the procedures (Hiebert 
et al., 1997). Bushman and Bushman (2004), Boaler (2002), and Stolp (2005) 
commented that teachers in such traditional classrooms typically teach methods or 
algorithms by modelling procedures for students. In these classrooms, students often 
take on the responsibility of listening while the teacher is the doer (Lockhead, 1991). 
This may mean that teachers are merely transmitting information while students 
receive it. In Boaler's (1999, 2002) study, although the teachers in traditional 
classrooms knew the content, were dedicated, and worked hard, the instructional 
approach resulted in a focus on rules and procedures. Traditional math classrooms 
are characterized by high levels of teacher-centred activity (such as lecturing) and by 
an emphasis on using methods, rules, or procedures to solve problems (Boaler, 1997, 
1999, 2001, 2002; Bushman and Bushman, 2004; Lockhead, 1991; Richards, 1991: 
Stolp, 2005).  
A critique of traditional school mathematics 
Mathematics educators have criticised the traditional way in which 
mathematics has been taught in schools (Boaler, 1997). Educators contend that the 
procedural focus in traditional classrooms does not permit students to truly 
understand mathematical concepts (Hiebert et al., 1997). They have employed such 
terms as procedural understanding and conceptual understanding to refer to the 
knowledge most likely produced in traditional and reform environments. This section 
aims to make clear what researchers mean by conceptual and procedural 
understanding and the need to move from procedural understanding to conceptual 
understanding for reasoning opportunities.  
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Reasoning – the Need to Move from Procedural Understanding to Conceptual 
Understanding 
Sierpinska (1994) identified the “process of understanding” as linking mental 
representations through reasoning. Recognising that reasoning, whether formal or 
informal, constitutes part of our understanding is important. Skemp (1976) argued for 
two types of understanding in mathematics, “relational understanding” (conceptual) 
and “instrumental understanding” (procedural). However, until recently he would not 
have regarded instrumental understanding as understanding. In his previous work he 
would have “described it as ‘rules without reasons’, without realising that for many 
students and their teachers the possession of such a rule, and ability to use it, was 
what they meant by ‘understanding’ ” (p. 2). Relational understanding is knowing the 
why behind the rule, knowing both what to do and why. Skemp (1976) elaborated 
about learning relational mathematics, stating it “consists of building up a conceptual 
structure (schema) from which its possessor can (in principle) produce an unlimited 
number of plans for getting from any starting point within his schema to any 
finishing point” (p. 14). Skemp used a metaphor which describes mathematics as a 
landscape to be explored rather than seeing mathematics as a ladder to climb. 
Through gaining an understanding of how different points in a landscape are 
connected, and the different paths to take to navigate the landscape (conceptual 
view), a much better understanding is gained than following paths blindly 
(conceptual view) without any sense of where they might lead.  
Reasoning in mathematics 
Barmby et al. (2009) state “by developing the reasoning we have in place, we 
also develop the understanding we have of the concept. Drawing out children’s 
reasoning and developing the reasoning they use is therefore integral to developing 
understanding in mathematics” (pp. 6–7). There are two components to 
understandings – the range of mental representations and reasoning, linking them 
together. Teachers must develop the reasoning that students carry between 
representations. An example to illustrate this point is two symbolic representations 
for multiplication statements: 7×3 and 3×7. As these two calculations give the same 
answer they are linked together and the “why” can be reasoned. Some possible 
reasons to show developing levels of understanding could be: (a) the teacher said that 
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you can always swap around the numbers in multiplication questions, and you will 
still get the same answer (procedural understanding) ; (b) if I draw out 7 groups of 3 
objects, I can see I get 21 and if I draw out 3 groups of 7 objects, I can see that I also 
get 21, therefore, the two processes give the same answer; (c) if multiplication is 
shown as an array, then swapping around the numbers only changes the orientation 
of the array, therefore, when multiplying together any two numbers, even swapping 
them around, the answer must be the same. The reasons have displayed growing 
mathematical understanding towards a conceptual understanding. “Reasoning is the 
process by which the learner articulates and demonstrates connections between 
representations” (Barmby et al., 2009, p. 6). Students need to continually consider 
the logic in their own and others’ reasoning and become adept at examining errors, 
identifying flawed logic and misconceptions, to ultimately deepen their 
understanding; therefore, communicating in mathematics classrooms becomes a 
necessary element.  
Communicating mathematics and reasoning 
Barmby et al. (2009) argue for students to communicate their understanding 
they need to develop reasoning skills and linked with this idea of reasoning is the 
way in which mathematics is communicated. Further, students need to be given 
opportunities to communicate their knowledge of mathematics using relevant 
language to refine, consolidate and further develop their mathematical understanding 
(Association of Teachers of Mathematics, 1991). Teachers, likewise, endeavour to 
explain their mathematical understanding of concepts, using language as the essential 
tool for the process of communication. The process of communication in 
mathematics is therefore integral to learning and understanding of mathematics, 
argue Barmby et al. (2009), and as understanding is constructed by the individual, 
therefore communicating mathematical ideas is not a simple matter of transferring 
concepts and understandings between individuals. Further it is rarely effective for the 
teacher just to explain the meaning of a maths topic to students as time needs to be 
provided for the students to engage in activities, to attempt problems, explore their 
meaning and generally deepen their understanding through classroom discussion and 
activities. Problem solving and investigations which allow students to discuss their 
own ideas in describing and explaining their current thinking, metacognition, as well 
as listening to the thoughts of others, will promote reasoning and therefore greater 
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(conceptual) understanding (Barmby et al., 2009, p. 196). These processes develop 
what Skemp (1976) refers to as a relational understanding which means that students 
and teachers move beyond a mechanical or rote view of mathematical processes in 
order to see and understand the links and connections between the different areas of 
mathematics.  
The importance of communicating mathematics, in both developing a shared 
understanding and developing mathematical language, has implications for teachers. 
Barmby et al. (2009, p. 7) states “classroom discussion along with classroom 
activities can therefore be thought of as an iterative process to develop and refine 
children’s understanding, in order to arrive at a shared understanding”. Teachers 
need to develop purposeful tasks and activities to engage students in reasoning and 
verbalising about maths, not just activities for assessment. Questioning needs to be 
considered as an effective pedagogical strategy, which moves past just extracting 
correct answers, to freer discussions around understanding, reasoning, 
representations, methods and strategies and using Socratic questioning (Elder & 
Paul, 1998). For examples of Socratic questioning see Appendix A. Questions need 
to promote reflective enquiry; for example, “Can you tell the others how this 
works?” and “Can you explain that to me?” The questions are therefore not about 
testing knowledge, rather, they are open questions that promote discussion around 
reasoning, deeper or conceptual understanding and metacognition. 
Thinking, deducing and justifying: Developing reasoning skills 
Westwell (2013) when discussing the proficiencies stated, “the shift to more 
active, purposeful learning continues in the Australian Curriculum through, for 
example, the Mathematics Proficiencies” (p. 45). He asks the question “so what does 
it look like when they demonstrate reasoning?” (p. 45) to which he provides the 
following responses:  
They: explain their thinking; deduce strategies; justify strategies and 
conclusions; adapt the known to the unknown; transfer learning from one context to 
another; prove (or provide evidence) that something is true or false; compare and 
contrast related ideas and explain their choices. (p. 45) 
Initially, the most efficient way to achieve most of these processes is through 
dialogue with others and to communicate reasoning, especially with primary students 
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who are still forming their reading and writing skills. Brodie (2010) claimed that 
mathematical reasoning assumes the requirement to communicate “lines of thinking 
or argument” (p. 7). Fox and Surtees (2010) pointed out that there can be too much 
emphasis on recording and stated that “children need to talk about what they are 
doing and then modify their thinking in the light of questions and ideas the teacher 
and other children raise” (p. 36). They further stressed the importance of children 
having access to the correct mathematical vocabulary and language so that they are 
able to share their reasoning with others. Unfortunately, “most lessons do not 
emphasise mathematical talk enough; as a result, pupils struggle to express and 
develop their thinking” (Department for Children, Schools and Families, 2008, p. 5, 
as cited in Fox & Surtees, 2010, p. 37). In discussing reasoning in the classroom, 
Garofalo and Mtetwa (1990) argue that it “does not mean just including some 
reasons and underlying rationales” but “it means involving students in activities that 
call on them to reason and communicate their reasoning rather than to reproduce 
memorized procedures and rules” (p. 16). 
Kilpatrick et al. (2001, as cited in Clarke, Clarke, & Sullivan, 2012) suggested 
that when urging teachers to adapt tasks that promote conjecturing and generalising 
they are to: 
 encourage students to justify conjectures and generalisations by using 
words, numbers, diagrams and symbols to examine the mathematical 
characteristics and structures in tasks;  
 ask students to evaluate whether a student’s statement or justification is 
valid; 
 ask students to explain why their statement is true to a student in an earlier 
grade (e.g., “How would you explain that this is always true to a student in 
first grade?”); 
 ask students to answer the questions, “Do you think this will always be 
true?” “When do you think this will be true?” and “Are there times when 
this won’t be true?”; 
 develop a classroom culture in which the mathematical correctness of a 
response relies on the validity of the mathematical justification that is 
provided rather than some external authority; 
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 encourage students in small and whole group settings to share why they 
think a statement is true and hold all students accountable for 
understanding; 
 establish norms for conjecturing, generalising and justifying that create an 
environment where students feel safe to share correct and incorrect ideas; 
and 
 encourage students to take risks by sharing their reasoning. (p. 29) 
Garofalo and Mtetwa (1990) stated, “the act of explaining their reasoning gives 
students an opportunity to clarify and consolidate their thoughts and ideas and helps 
them uncover any gaps in their understanding and flaws in their reasoning” (p. 17). A 
number of research studies have demonstrated that classroom discourse can play a 
significant role in supporting students’ mathematics learning (Cobb, Boufi, McClain, 
& Whitenack, 1997; Lampert, 1990; Sfard, 2008) and that there is a need to carefully 
link the role of communication in mathematical reasoning (Anthony & Hunter, 2010; 
Cobb et al., 1997; Lampert, 1990; Sfard, 2008; Walshaw & Anthony, 2008). As von 
Glaserfeld (1989) noted, other people are the greatest source of alternative views to 
challenge our current views and hence to serve as the source of puzzlement that 
stimulates new learning. Back and Pumfrey (2005) assert that “classrooms in which 
teachers encourage pupils to participate in mathematical reasoning and argument are 
more likely to be successful in helping children to be enthusiastic mathematicians” 
(para. 3). 
The next section discusses pedagogy and practice to identify influences in 
mathematics teaching and learning. 
Teacher Pedagogy and Practice  
Pedagogy is understood in this study to be the function or work of a teacher 
and the study of teaching methods, including the aims of education and the ways in 
which such goals may be achieved. This field relies heavily on educational 
psychology, or theories about the way in which learning takes place (Fauvel & Van 
Maanen, 2002). What constitutes pedagogy is complex and not easily defined. Even 
the definition of pedagogy appears to be somewhat obscure. Watkins and Mortimer 
(1999) define it as “any conscious activity by one person designed to enhance the 
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learning of another.” (p. 3). Alexander (2003) has his own preferred definition which 
suggests that pedagogy requires discourse: “Pedagogy is the act both the act of 
teaching and its attendant discourse and postulates three domains of ideas, values and 
evidence by which both are necessarily framed.” (p. 33). Leach and Moon (1999) 
expand further on what may define pedagogy by describing a Pedagogical Setting as 
“the practice that a teacher, together with a particular group of learners creates, 
enacts and experiences” (p. 267). In doing so they suggest that pedagogy is a joint 
activity in which the learner has an active role. This widens the perspective from 
previous definitions offered and draws in the social interaction between teachers and 
learners. 
The McKinsey Report (Barber & Mourshed, 2007), which identified features 
common to the world’s top-performing school systems, argued that the quality of an 
education system simply cannot exceed the quality of its teachers. Education 
Queensland’s Dimensions of teaching and learning (2011) argued that “the quality of 
classroom teaching has a profound influence on student learning and achievement” 
(Education Queensland, 2011, p. 1). Adopting pedagogies that foster communication, 
mutual responsibilities, and encourage students to work in small groups, and using 
reporting to the class by students as a learning opportunity have been shown to be 
influential to student achievement (Sullivan, 2012). 
Geiger, Goos, and Dole (2011) argued the need for continued research about 
teachers’ pedagogy. They emphasised the importance of identifying how teachers 
“identify and then appropriate new pedagogical practices specific to numeracy, 
especially those practices which are different from those practices specific to the 
teaching of mathematical skills” (pp. 299-300). Kilpatrick et al. (2001) further assert 
that although substantial research into the effectiveness of instruction and the 
practices used has been conducted, there are many questions that remain to be 
investigated. Close studies of teachers working with researchers to address core 
issues might go some way to addressing such questions and develop the kind of 
knowledge needed to improve instruction. 
In a study which investigated effective pedagogies for the teaching of 
numeracy in Tasmanian schools, Beswick, Swabey, and Andrew (2008) found that 
the majority of teachers in their study used pedagogies that contributed to supportive 
classroom environments. However, they also observed a disconnection between the 
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aims of the mathematics curriculum and teachers’ actions in relation to numeracy-
specific pedagogical approaches. Sullivan (2012) argued further that teachers are 
familiar with processes to develop fluency and understanding; however they may 
need support in the development of problem solving processes. Further he states, 
“This is especially true for reasoning, which will also have some pedagogical 
implications in that creating opportunities for student reasoning may require a 
different lesson format from what most teachers are used to” (p. 186). These studies 
highlighted the need for ongoing research into improving mathematics teaching, 
particularly in light of the Australian Curriculum proficiencies. A repertoire of 
pedagogical practices that take into account the proficiencies in mathematics 
teaching and learning is an area for further research (Kilpatrick et al., 2001).  
Inquiry as a pedagogy in teaching and learning mathematics 
Inquiry is a practice or stance, and indicates a particular way of engaging with 
and making sense of the world. In this paper, I focus on inquiry as it relates to 
students' mathematical activities, and I take the term to mean both inquiry into 
mathematics and inquiry with mathematics. Inquiry into mathematics involves 
delving into mathematical ideas and concepts and trying to understand the structure, 
power, and limitations of mathematics. Inquiry with mathematics involves using 
mathematics as a tool to make sense of problem situations and come to some 
reasonable resolution. This type of work involves problem solving, modelling, and 
applications to business, physics, or other "real world" phenomena. (Staples, 2007 p. 
163). 
Scholars such as Stolp (2005) and Hiebert (1997) suggest that an investigative 
approach or a problem solving approach to learning mathematics leads to a deep 
understanding of mathematics. Stolp (2005) diligently argues that "if we are to 
breathe life into these 'dead and barren' [mathematical] symbols....we must provide 
the conditions that will allow our children to create knowledge through the 
transformation of experience," (p. 63). The creation of knowledge through 
transformative experiences is the provision of techniques and strategies in the 
classroom that lead students to be mathematical thinkers and that allows for in-depth 
understanding (Hiebert, 1997). Stolp (1995) suggests several inquiry-related 
techniques to accomplish this goal including beginning class with sets of experiments 
or real-world problems. Likewise, Newman and Associates (1996) have advocated 
 Chapter 2: Literature Review 25 
that an approach that uses inquiry is an approach promoting the construction of 
knowledge and its value beyond school. They suggest that this approach will 
undoubtedly help students in their conceptual understanding of subjects like 
mathematics.  
Inquiry-based mathematics learning is one of the many terms that have been 
used to describe a non-traditional math class emphasizing problem solving, student 
centeredness, and rich mathematical discussions. For example, some scholars have 
used the term to describe math lessons where teachers and students are co-
constructors of knowledge. Newman and Associates (1996) used the term disciplined 
inquiry to signify what they called authentic tasks that engage students in discussions 
and solutions of real-world problems and uses their prior knowledge. Using the 
above descriptions of inquiry and others from additional scholars such as Borasi 
(1992), Hiebert (1997) and Boaler (2002), Philippeaux-Pierre (2009, p. 9) provides 
an all-encompassing definition of inquiry-based learning, particularly in 
mathematics.  
Inquiry-based learning is about how the subject is presented, the role of the 
teacher in the classroom, and consequently the role of students. The point of 
inquiry in mathematics is to promote students engagement in mathematical 
activities and reasoning that lead to an increase in understanding. It is an 
instructional approach in which tasks are genuine (Hiebert, 1997). These 
tasks ask students to solve a problem, utilize their prior knowledge and 
provide opportunities for students to reflect on mathematical ideas (Borasi, 
1992; Cobb et al., 1991; Hiebert, 1997; Newman and Associates, 1996). 
Hiebert. (1997) advocated that the role of the teacher be changed to increase 
learning opportunities in inquiry like environments: The role of the teacher is 
shaped by the goal of facilitating conceptual understanding... Instead of 
acting as the main source of mathematical information and the evaluator of 
correctness, the teacher now has the role of selecting and posing appropriate 
sequences of problems as opportunities for learning, sharing information 
when it is essential for tackling problems and facilitating the establishment 
of a classroom culture in which pupils work on novel problems individually 
and interactively, and discuss and reflect on their answers and methods. The 
teacher relies on the reflective and conversational problem solving activities 
of the students to drive their learning. (p. 8) 
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Criticisms of inquiry-based learning 
Some scholars have cautioned educators that inquiry-based learning may not be 
best practice for all learners (Baxter, Woodward, and Olson, 2001; Woodward and 
Baxter, 1997). Baxter, Woodward, and Olson (2001) contend that mathematics 
scholars often do not focus on how such reform approaches affect low achievers and 
students who are learning disabled. They stated that "researchers seem to imply that 
new mathematics pedagogy and materials are effective for all students without 
special adaptations to curriculum, instructional techniques, or classroom organization 
(p.530). However, this may not always be the case. For example, the pedagogical 
techniques and approaches advocated by inquiry-based instruction are in contrast to 
the recommendations many special education researchers have supported to help 
students labelled with a learning disability grasp concepts (Baxter, Woodward, and 
Olson, 2001). The authors stated that special education  
researchers view the discussion of alternative strategies [of] invented 
algorithms, a common approach in reform-based mathematics instruction, as 
problematic ... because they believe that multiple approaches to solving 
problems or even computing can only lead to confusion. These researchers 
see one simple set of rules as the best approach to teaching these students. 
(p. 530) 
In their research, they found that low achieving students in reform-based classrooms 
were often disengaged in whole class discussions. During group work and pair work, 
these students did not engage in the types of discussions and work that are meant to 
guide students toward conceptual understanding of mathematics. They were not 
engaged in discussing, justifying, and explaining their mathematical thinking or 
answers. The authors, therefore, question the effectiveness of inquiry-based 
instruction with low achieving students. 
Other criticisms of inquiry-based learning and teaching focus on the role of the 
teacher. Manouchehri and Goodman (2000) have argued in their research that a 
teacher's content knowledge can be a barrier to how effectively they implement 
inquiry-based practices. They asserted that 
[in] the presence of a curriculum that builds heavily on student-centred 
learning and non-routine tasks, the mathematics teacher needs to have a type 
of mathematical knowledge that is detailed, allows for sound reasoning and 
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 mathematical problem solving... In the absence of such knowledge the 
teacher faces many dilemmas of both personal and professional nature. The 
interplay of these … dilemmas creates disabling environments for both the 
teacher and the learners. (p. 29) 
Hill, Rowan and Ball (2003) have also argued that a teacher's knowledge of 
mathematics is an important factor in student learning. According to Trimble (2003), 
a profound understanding of mathematics provides teachers with a background for 
encouraging higher order thinking which is associated with increased learning. 
Manouchehri and Goodman (2000) advocate, as have scholars such as Hiebert 
(1997) and Stolp (2005), that teachers in inquiry-based classrooms need to 
understand their new roles and re-examine and re-conceptualize both their 
curriculum and instructional goals and how they interact with learners. Manouchehri 
and Goodman (2000) implied that teachers have not received adequate guidance to 
successfully teach and implement inquiry-based mathematics. Elkind (2004) in his 
argument on the challenges of constructivist instruction made a similar point. He 
argued that teacher, school systems, and teacher programs have not put in place the 
support structures needed to successfully implement inquiry-based learning. For 
example, prospective teachers in teacher education programs are not necessarily 
exposed to the pedagogical strategies and techniques of inquiry-based learning. 
Student Dispositions Towards Mathematics  
According to NCTM (2009), “disposition refers not simply to attributes but to 
a tendency to think and act in positive ways” (p. 233). Domino (2009) states that 
other indicators of students’ mathematical dispositions are confidence, perseverance, 
and interest in mathematics. Attitudes toward mathematics are defined by Neale 
(1969) as “a liking or disliking of mathematics, a tendency to engage in or avoid 
mathematical activities, a belief that one is good or bad at mathematics, and a belief 
that mathematics is useful or useless” (p. 632). The term disposition encompasses 
ideas about, values of, and ways of participating which Dewey (1913/1975) 
elaborated as “true interests are signs that some material, object, mode or skill (or 
whatever) is appreciated on the basis of what it actually does in carrying to fulfilment 
some mode of action with which a person has identified [himself or herself]” (p. 43).  
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Students’ development of increasingly productive dispositions is in turn linked to 
increased motivation for learning (Cobb & Hodge, 2002), leading them to engage with 
classroom mathematical activities more deeply and more effectively (Ames & Archer, 
1988). Disposition is closely linked to attitude. In research to determine mathematics 
teachers’ influences on students’ attitudes toward mathematics three themes emerged 
according to Domino (2009); teachers influenced students’ understanding and attitudes 
toward mathematics (a) through the way they taught mathematics, (b) by making 
certain that their students understood mathematics, and (c) through their personalities. 
Students claimed they understood and liked mathematics when their teachers (a) had 
fun and interesting lessons, (b) had the students actively engaged in the classroom, (c) 
showed the students how the mathematics they were learning was related to their lives, 
(d) taught at a relatively slow pace, (e) helped students outside of the classroom, (f) 
cared about their students, and (g) were enthusiastic about mathematics and teaching 
mathematics (Domino, 2009). 
That it is acceptable in cultures to say “I am not good at maths”, and what that 
does to disempower learning and to not focus on an explicit concern for the kinds of 
dispositions that students are developing towards a particular discipline, is ignoring 
the research which states that the process of learning is more than acquisition of 
knowledge and skills (Brown, Stein, & Forman, 1996; Greeno & Middle School 
Mathematics Through Applications Project Group, 1998; Lave & Wenger, 1991). An 
increasing number of studies illustrate that what is learned cannot be separated from 
how it is learned (Beach, 1999; Boaler, 1997; Cobb & Bowers, 1999). Since 1989 the 
Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989) has 
emphasised the need for teachers to help improve their students’ dispositions towards 
mathematics and assess these dispositions. Here, “disposition refers not simply to 
attributes but to a tendency to think and act in positive ways” (p. 233). To develop 
productive dispositions requires frequent opportunities to make sense of 
mathematics, to recognise the benefits of perseverance, and to experience the 
rewards of sense making in mathematics (Kilpatrick et al., 2001. p. 131). This study 
will use the Kilpatrick et al. (2001) description:  
Productive disposition refers to the tendency to see sense in mathematics, to 
perceive it as both useful and worthwhile, to believe that steady effort in 
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learning mathematics pays off, and to see oneself as an effective learner and 
doer of mathematics. (p. 131) 
Therefore learning mathematics must extend beyond learning concepts, procedures, 
and their applications and include developing a disposition toward mathematics that 
sees mathematics as a powerful way for looking at situations, remembering that 
disposition refers not simply to attitudes but to a tendency to think and to act in 
positive ways.  
Students’ mathematical dispositions are manifested in the way they approach 
tasks--whether with confidence, willingness to explore alternatives, 
perseverance, and interest--and in their tendency to reflect on their own 
thinking. The assessment of mathematical knowledge therefore should 
include evaluations of these indicators and students' appreciation of the role 
and value of mathematics. (NCTM, 1989, p. 1) 
The NCTM Standards Evaluation: Standard 10 propose the following criteria for 
assessment of students’ mathematical disposition through seeking information about 
student confidence –  
 confidence in using mathematics to solve problems, to communicate ideas, and to 
reason;  
 flexibility in exploring mathematical ideas and trying alternative methods in solving 
problems;  
 willingness to persevere in mathematical tasks;  
 interest, curiosity, and inventiveness in doing mathematics;  
 inclination to monitor and reflect on their own thinking and performance;  
 valuing of the application of mathematics to situations arising in other disciplines 
and everyday experiences;  
 appreciation of the role of mathematics in our culture and its value as a tool and as a 
language. (NCTM, 1989, p. 1)  
In this principles and standards paper it is stated that this information is best 
collected through informal observations as students participate in class discussions, 
attempts to solve problems, and work on various assignments individually or in 
groups and such assessment procedures as attitude questionnaires fail to capture the 
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full range of perceptions and beliefs that underlie students' dispositions. Further they 
state –  
Although observation is the most obvious way of obtaining such 
information, students' written work, such as extended projects, homework 
assignments, and journals, as well as their oral presentations, offer valuable 
information about their mathematical dispositions. (NCTM, 1989, p. 3) 
Beliefs and disposition 
As students’ progress through school they develop beliefs about mathematics 
that affect their approach to different tasks and their performance (Schoenfeld, 1985) 
along with their disposition. Some of the research on mathematical problem solving 
has included investigations into the beliefs learners hold about the nature of 
mathematics (Schoenfeld, 1985, 1989a, 1989b, 1992). These studies indicated students 
see mathematics as governed by rules rather than involving processes of investigation; 
that they considered that mathematics is an unchanging discipline that is not related to 
solving problems; and that memorisation was more important than understanding when 
learning mathematics.  
Typical misconceived beliefs about the nature of mathematics (Schoenfeld, 
1992, p. 69) include: 
a. There is only one correct way to solve any problem mathematically. 
b. Mathematics problems have only one correct answer. 
c. Mathematics is done by individuals in isolation. 
d. Mathematical problems should be solved quickly or not at all. 
e. Mathematical problems and solutions do not have to make sense. 
f. Formal proof is irrelevant to processes of discovery and invention. 
Such profound beliefs come from a learning environment where the proficiencies 
have not played a major role in teaching and learning and are both difficult to change 
and disadvantageous to future learning. It is therefore important that these deeper 
misunderstandings about the nature of mathematics are challenged by changing the 
pedagogy to centre on all the proficiencies, as Skemp (1976) states the importance of 
learning maths for a relational understanding over an instrumental understanding.  
Mathematical disposition is much more than a liking for mathematics. Students 
might like mathematics but not display the kinds of attitudes and thoughts identified 
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by Kilpatrick et al.’s definition of disposition. For example, students might like 
mathematics yet believe that problem solving is always finding one correct answer 
using the right way. These beliefs, in turn, influence their actions when they are 
faced with solving a problem. Although such students have a positive attitude toward 
mathematics, they are not exhibiting essential aspects of what Kilpatrick et al. has 
termed mathematical disposition. 
For students to develop understanding, reasoning, problem solving and fluency 
they must believe that mathematics is understandable, and not unjustifiable; that with 
dedicated effort, it can be learned and used; and that they are capable of figuring it out. 
Research states that the development of productive student dispositions requires 
frequent opportunities to make sense of mathematics, to recognise the benefits of 
perseverance, and to experience the rewards of sense making in mathematics 
(Kilpatrick et al., 2001). This leads to gaps in the literature which have been identified 
around specific pedagogies which align with the proficiencies and increase student 
understanding, fluency, problem solving and reasoning, leading to positive disposition. 
Teacher’s role and pedagogy in student disposition 
From a pedagogical perspective, therefore, an important aspect of mathematics 
instruction includes influencing students’ mathematics dispositions and helping 
students develop perceptions of themselves as members of a community of 
mathematics learners (Boaler, 1999). Researchers suggest that teacher awareness and 
understanding of students’ prior mathematical experiences, dispositions, and self-
perceptions may allow mathematics teachers to better meet the needs of students as 
learners (R. Anderson, 2007; Boaler & Greeno, 2000; Martin, 2000). Evidence of 
teachers’ awareness of their students’ mathematical dispositions is also emerging as 
an important data point on which to assess mathematics teacher effectiveness and 
quality (Stanford Center for Assessment, Learning, and Equity, 2012). 
With a disposition development perspective, mathematics instruction consists 
of both socializing students into the norms and discourse practices of the 
mathematics classroom (Cobb & Yackel, 1996) and influencing students’ 
perceptions of themselves as members of a community of mathematics learners 
(Boaler, 1999; Boaler & Greeno, 2000). This perspective suggests that the resources 
teachers draw on to teach mathematics should include an awareness and 
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understanding of students’ mathematics dispositions and identity formation and 
development.  
Frameworks through which teachers might identify and consider a student’s 
mathematics disposition are scarce in the mathematics education research 
literature; however, three frameworks have been developed that organize 
mathematics identity into a cohesive set of dimensions or features. The three 
frameworks are Martin’s (2000) four dimensions of mathematics identity, R. 
Anderson’s (2007) four faces of mathematics identity, and Cobb, Gresalfi, 
and Hodge’s (2009) interpretive scheme. A synthesis of these three 
frameworks suggests that teachers may gain an awareness of their students’ 
mathematics disposition through gathering information and paying attention 
to students’ (a) perceptions of their mathematics ability and the ways these 
perceptions influence their mathematics performance, (b) perceptions of the 
importance of mathematics inside and beyond their current experiences in 
the mathematics classroom, (c) perceptions of the engagement in and 
exposure to particular forms of mathematical activity and the ways these 
engagements influence students seeing themselves as mathematics learners, 
and (d) motivations to perform at a high level and attributions to their 
success or failure in mathematical contexts. As students’ mathematics 
disposition and identity constructs are emerging as important contributors to 
students’ engagement and performance in mathematical contexts, it may 
prove useful to gauge teachers’ awareness of students’ mathematical 
dispositions and attempt to get a sense of relevant influences on such 
awareness. (Clark et al., 2014, p. 251) 
There is no greater influence on the mathematical disposition of a student than the 
disposition of the classroom and the largest influence on the mathematical 
disposition of a classroom is its teacher (White, 2003). Studies show that teacher 
support and classroom environments play a crucial role in the development of 
another source of intrinsic motivation, namely, positive (or negative) dispositions 
toward mathematics (Bransford et al., 1988; Cobb, Wood, Yackel, & Perlwitz, 1992; 
Middleton, 1995; Middleton & Spanias, 1999). According to NCTM (2000), “More 
than just a physical setting … the classroom environment communicates subtle 
messages about what is valued in learning and doing mathematics” (p. 18). 
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Extrinsically motivated students engage in learning for external rewards, such 
as teacher and peer approval and good grades. These students do not necessarily 
acquire a sense of ownership of the mathematics that they study; instead they focus 
on praise from teachers, parents and peers and avoiding punishment or negative 
feedback (Middleton & Spanias, 1999). In contrast, students who are intrinsically 
motivated to learn mathematics are driven by their own pursuit of knowledge and 
understanding (Middleton & Spanias, 1999) developing positive disposition. They 
engage in tasks due to a sense of accomplishment and enjoyment and view learning 
as impacting their self-images (Middleton, 1995). Intrinsically motivated students, 
therefore, focus on understanding concepts. Thus, intrinsic, rather than extrinsic, 
motivation benefits students in the process and results of mathematical activities. In 
summary, research shows that when students are intrinsically motivated to learn 
mathematics, they spend more time on-task, tend to be more persistent, and are 
confident in using different, or more challenging, strategies to solve mathematical 
problems (Lepper, 1988; Lepper & Henderlong, 2000). Intrinsic motivation, 
therefore, is correlated with self-efficacy and positive dispositions towards a 
conceptual understanding of mathematics, whereas extrinsic motivation results in 
merely a superficial grasp of the information presented (Maher, Yankelewitz, & 
Mueller, 2010). 
Gaps in the Literature 
Gaps have been identified in the literature around specific pedagogies which 
align with the proficiencies and increase student understanding, fluency, problem 
solving and reasoning. This project attends to this gap with a focus on reasoning in 
particular. Kilpatrick et al. (2001) called for comparative research to learn about key 
elements of teaching and learning, whilst examining both practice and environments 
that shape this, to develop a greater knowledge of teaching and learning for 
mathematical proficiency. At the same time they asserted that an examination of both 
practice and environments would develop a greater knowledge of teaching and 
learning for mathematical proficiency. Further to their call, they acknowledged that 
“instruction that develops mathematical proficiency is neither simple, nor well 
understood” (Kilpatrick et al., 2001, p. 359). This study seeks to contribute to this 
under-represented area in the literature.  
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The proficiencies represent an important shift in emphasis on mathematical 
actions, as is stated and argued by Sullivan (2012). Furthermore Sullivan 
encapsulates the need for this research by stating,  
While teachers are familiar with processes for developing fluency and 
building understanding, they may need support on the development of 
problem solving and the integration of problem solving processes into the 
core of the curriculum. This is especially true for reasoning, which will also 
have some pedagogical implications in that creating opportunities for student 
reasoning may require a different lesson format from what most teachers are 
used to. (p. 186) 
A further gap in the literature is the need for a comprehensive framework for 
understanding and addressing the teaching and learning of reasoning in mathematics 
classrooms, and the processes that inhibit and support the teaching and learning of 
reasoning. This gap is important for this study as the focus is on revealing effective 
approaches through drawing on action research allowing for the identification of the 
processes, strategies and pedagogy, which enhances reasoning and students’ 
dispositions towards mathematics. 
The literature review has reviewed the literature around the proficiencies, in 
particular reasoning, effective pedagogy and student dispositions, identifying the 
close links between these components and the effect they have on each other. The 
chapter concluded with identifying the major gaps in literature that the study seeks to 
address. Chapter 3 will provide a theoretical foundation for the study.  
 
 Chapter 3: Theoretical Framework 35 
Chapter 3:  Theoretical Framework 
The previous chapter addressed the first and second research questions by 
reviewing and critiquing the research literature related to the development of the 
proficiency strands, in particular, reasoning in the Australian Curriculum, teacher 
pedagogy and student dispositions. At a time when the proficiency strands should be 
evident in classrooms, the claims and counter claims over their implementation into 
teaching and learning was critiqued. Specific attention was given to a range of areas 
that develop reasoning skills. This chapter presents constructivism as the theoretical 
framework informing the study and to provide an effective theoretical basis from 
which to address the research questions further. This framework provides a lens 
through which powerful insights into the proficiency strand, reasoning, teacher 
pedagogy and student disposition can be understood.  
The Challenge  
Piaget (1969) wrote: 
The heartbreaking difficulty in pedagogy, as, indeed in medicine and in 
many other branches of knowledge that partake at the same time of art and 
science, is, in fact, that the best methods are also the most difficult ones: it 
would be impossible to employ a Socratic method without having first 
acquired some of Socrates’ qualities, the first of which would have to be a 
certain respect for intelligence in the process of development. (p. 69)  
A constructivist framework challenges teachers to create environments in 
which they and their students are encouraged to think (reason) and explore. This is a 
daunting challenge. But to do otherwise is to perpetuate the ever-present behavioural 
approach to teaching and learning (Brooks & Brooks, 1999) 
History of Constructivism 
Giambattista Vico, a Neapolitan philosopher, introduced constructivism during 
the 18th century when he stated that humans only clearly understand what they have 
themselves constructed (Southwest, 1995). However, the question and answer 
method, as introduced by Socrates in the fifth century B.C. could also have marked 
 36 Building teachers’ pedagogy practices in reasoning, to improve students’ dispositions towards mathematics 
the beginning of constructivism (Powell & Kalina, 2009). The Socratic dialogue is 
still an important tool in the way constructivist educators assess their students’ 
learning and plan new learning experiences. Socratic questioning is at the heart of 
critical thinking. The Socratic model comprises a process using six types of 
questions: (a) questions for clarification, (b) questions that probe assumptions, (c) 
questions that probe reasons and evidence, (d) questions about viewpoints and 
perspectives, (e) questions that probe implications and consequences, and (f) 
questions about the question.  
Behavioural psychologists (such as Skinner and Thorndike) and information 
processing advocates drove early educational practices (Gagnon & Collay, 2001). 
Skinner believed that hypothesis formulation and testing procedures were wasteful 
and misleading. He advocated control for optimal learning and shaping for 
reinforcement. His belief that shaping the behaviour of an organism could be done 
almost at will led to programmed instruction and teaching machines. Thorndike 
believed the learner was an empty organism that responded to stimuli randomly and 
automatically. Memorization, repetition, and reinforcement “trained” the learner 
(Knowles, 1978). These beliefs, theories and practices hold opposite to 
constructivism.  
John Dewey protested against the mechanistic model and emphasized the role 
of interest and efforts on students’ motivation to problem solve (Knowles, 1978). He 
argued that education as preparation for adult life denied the inherent exuberance and 
curiosity children brought to school. It also removed the focus from present interests 
and abilities to some more abstract notion of what children might wish to do in future 
years. John Dewey described the basic inquiry learning format in 1910 (Woolfolk, 
2004, p. 329).  He believed that education is a process of living, and not a preparation 
for the future (Brooks & Brooks, 1993) and that attending school was to learn how to 
think, not what to think (Knowles). “Give the pupils something to do, not something 
to learn; and the doing is of such a nature as to demand thinking; learning naturally 
results” ( Dewey, 1916)  
John Dewey’s Pedagogic Creed (Dewey, 1897/1972) identified: what 
education should be; what the school is; what the subject matter of education is; what 
the nature of method is; and what the school and social progress is, thus highlighting 
social experience in all areas. 
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Lev Vygotsky advocated the sociocultural theory of learning (Applefield & 
Huber & Moallem, 2000/2001) where development initiated as social, interpersonal 
interactions among people (Marsh, n.d.). He believed that supportive guidance of 
mentors enabled the apprentice learner to achieve successively more complex skills, 
understanding, and independent competence (Applefield et al.). Learners imitated, 
connected prior understanding with new concepts, formed mental constructs, 
organized their behaviour, formed links, worked out generalizations, and used their 
learning to solve problems. He called this the Zone of Proximal Development (ZPD) 
or the distance between the actual development level as determined by independent 
problem solving and the level of potential development as determined through 
problem solving under adult guidance or in collaboration with peers (Marsh). “A 
child’s play is not simply a reproduction of what he has experienced, but a creative 
reworking of the impressions he has acquired. He combines them and uses them to 
construct a new reality.” (Vygotsky, 2004)  
Jean Piaget was a psychological constructivist who provided the scientific base 
for constructivism and had an enormous influence on understanding the cognitive 
development of children (T. Anderson, Reder, & Simon, 2000). He believed that 
sensory-motor reactions became more intelligent and less reaction as the 
coordination between ideas became progressively more interrelated and complex. He 
stated that language led to thinking and thinking to new mental organizations as 
children moved from concrete to conceptual thought processes (Knowles, 1978). 
Cognitive constructivism emerged from the work of Piaget (1953). This work 
focused on the individual and how an individual constructs knowledge. It proposed 
that humans cannot be given information which they immediately understand and 
use; instead, humans must construct their own knowledge and meaning from the 
information provided (Piaget, 1953). That is, humans learn through the construction 
of one logical structure after another. The implications of Piaget’s work (1953) and 
how it is applied to understanding classroom teaching have shaped how we have 
come to understand students’ learning, the foundation for constructivist education. 
Piaget identified two critical processes that children experience as they learn 
assimilation and accommodation. Children go through these processes as they search 
for balance or equilibrium (Wadsworth 2004). According to Piaget (1953), 
assimilation is when students bring in new knowledge to their own thinking – schemas. 
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Accommodation occurs when students change their schemas to accommodate the new 
information or knowledge. Disequilibrium is a state of being uncomfortable when one 
has to adjust his or her thinking (schema) to resolve conflict and become more 
comfortable (Powell, 2006). Recognising this process occurs within each individual 
student at a different rate is crucial for the teacher to facilitate constructivist learning. 
Piaget’s theory of equilibrium, assimilation and accommodation works to explain how 
students construct new knowledge throughout their developmental stages (Piaget, 
1953). Dienes (1960) reinforced these processes, emphasising that the development of 
abstract concepts and generalisations occur from students’ reflections of existing 
experiences and knowledge. Thus, they construct new knowledge through reflection 
upon their physical, social and mental actions. 
From a cognitive constructivist perspective, ideas are constructed in individuals 
through a personal process, whereas in social constructivism ideas are constructed 
through interaction with the teacher or other students. Although they are 
fundamentally different, both types argue that ideas constructed from experience give 
personal meaning to that experience for the student. 
Bruner was a cognitive theorist focusing on cognition and the theory of 
instruction. He believed that learning resulted from the acquisition of new 
information, the transformation of it with existing structures, and an evaluation of the 
result. He specified that experience was the starting point and that learning must be 
structured so the concept could be readily grasped, the information presented in the 
most effective sequence, and learning rewarded (Knowles, 1978) in classrooms 
organized as communities of learners (Cole & Gallego, 1999). A major theme in the 
theoretical framework of Bruner is that learning is an active process in which 
learners construct new ideas or concepts based upon their current/past knowledge. 
This example is taken from Bruner (1983): 
The concept of prime numbers appears to be more readily grasped when the 
child, through construction, discovers that certain handfuls of beans cannot 
be laid out in completed rows and columns. Such quantities have either to be 
laid out in a single file or in an incomplete row-column design in which 
there is always one extra or one too few to fill the pattern. These patterns, the 
child learns, happen to be called prime. It is easy for the child to go from this 
step to the recognition that a multiple table, so called, is a record sheet of 
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quantities in completed multiple rows and columns. Here is factoring, 
multiplication and primes in a construction that can be visualized. 
Emergent theory 
Cobb, Yackel, and Bauersfeld (Cobb & Bauersfeld, 1995; Yackel & Cobb, 
1996) have challenged a radical Vygotskian perspective according to which, mostly, 
social interactions facilitate knowledge acquisition and learning (Hatano, 1993). At 
the same time, they challenge a radical version of constructivism: they maintain that 
doing mathematics is a social activity as well as an individual construction activity. 
Sociocultural and constructivist perspectives: in accordance with Cobb (1994) state 
that “mathematical learning should be viewed as both a process of active individual 
construction and a process of enculturation (socialization) into the mathematical 
practices of wider group or society” (p. 13). 
They hold to an emergent perspective that involves the explicit coordination of 
interactionism and constructivism. This perspective treats the development of norms 
and beliefs as complementary. The teacher has the central role of initiating and 
guiding elaboration in the formation of these norms. However, the individual student 
has an active role in this formation as well, and students' beliefs (as well as teacher's 
beliefs) are key factors in negotiations on classroom norms. Cobb, Yackel, and Wood 
(1992) have identified general social norms, social constructs that involve a taken-as-
shared sense of when it is appropriate to contribute to a discussion. These norms 
sustain classroom cultures characterised by explanations, justifications and 
argumentation. Examples of such norms in classrooms (where the 'spirit of the 
reform' is present) are that students cooperate to solve problems, that meaningful 
activity is valued more than correct answers, and that partners should reach 
consensus as they work on activities. Yackel and Cobb (1996), who focused on the 
study of conditions that create opportunities for learning mathematics, identified 
another class of norms that are about the actual process by which students and 
teacher contribute. They called such norms sociomathematical, to designate the 
classrooms social constructs specific to mathematics that individuals negotiate in 
discussions to develop their personal understandings. The emergent perspective 
places face-to-face classroom social norms against general beliefs, 
sociomathematical beliefs against mathematical beliefs and values, and classroom 
mathematical practices against mathematical conceptions. According to Yackel and 
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Cobb, sociomathematical norms form when explanations and justifications are made 
acceptable. The acceptability itself is made possible when explanations and 
justifications can be interpreted by students in terms of actions on mathematical 
objects that were practiced: “the currently taken-as-shared basis for mathematical 
communication served as the backdrop against which students explained and 
justified their thinking” (Yackel & Cobb, 1996, p. 461). 
The history of constructivism displays the very broad conceptual framework 
and various theories that represent particular perspectives. The constructivist 
classroom takes inspiration from a range of different, and to a certain extent even 
conflicting, theories and ideas, such as the radical constructivism of Ernst von 
Glaserfeld, the cognitive constructivism of Jean Piaget, the social constructivism of 
Lev Vygotsky and the transactional constructivism of John Dewey. 
The classroom teacher role 
A traditional approach to teaching mathematics in primary and secondary 
schools has a long-standing history in Australia (Boaler, 2002). This approach is 
predicated on explicit assumptions about teachers, students and what constitutes 
mathematical knowledge and skills. It is grounded in a positivist paradigm drawing 
from the behavioural sciences. With this approach teachers are viewed as 
transmitters of knowledge to students who do not possess that knowledge and are 
expected to absorb it. The intention of this approach is to apply a “one-size-fits-all” 
model to teaching and learning in classrooms and to implement a prescribed 
curriculum that leaves nothing to chance to be discovered (Kalantzis, 2006). This 
could be referred to as a consumption model, the process of consuming mathematics. 
Table 3.1 contrasts the school environments of the traditional and constructivist 
classrooms (Brooks & Brooks, 1993, p. 17; Kalantzis & Cope, 2012, pp. 74–75). 
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Table 3.1 
Comparison of Traditional and Constructivist Classroom Environments 
Traditional classroom Constructivist classroom  
Curriculum is presented part to whole, with 
emphasis on basic skills. 
Curriculum is presented whole to part with 
emphasis on big concepts. 
Strict adherence to fixed curriculum is highly 
valued. 
Pursuit of student questions is highly valued. 
Students are viewed as “blank slates” onto which 
information is etched by the teacher. 
Students are viewed as thinkers with emerging 
theories about the world. 
Teachers generally behave in a didactic manner, 
disseminating information to students. 
Teachers generally behave in an interactive 
manner, mediating the environment for students. 
Teachers seek the correct answer to validate 
student learning. 
Teachers seek the students’ points of view in 
order to understand students’ present conceptions 
for use in subsequent lessons. 
Assessment of student learning is viewed as 
separate from teaching and occurs almost entirely 
through testing. 
Assessment of student learning is interwoven 
with teaching and occurs through teacher 
observations of students at work and through 
student exhibitions and portfolios. 
Students primarily work alone. Students primarily work in groups. 
Note. Adapted from In Search of Understanding: The Case for Constructivist Classrooms, by J. G. 
Brooks and M. G. Brooks, 1993, Association for Supervision and Curriculum Development, p. 17; 
and New Learning: Elements of a science of education (2nd ed.), by M. Kalantzis and B. Cope, 2012, 
Cambridge University Press, pp. 74–75. 
Educators develop classroom practices and negotiate the curriculum to enhance 
the likelihood of student learning (Brooks & Brooks, 1999). However, controlling 
what students learn is virtually impossible. There are many paths taken by students in 
their search for meaning. Even when educators use a “one-size-fits-all” approach and 
where students learn the same concepts at the same time, students will construct their 
own unique knowledge and meaning through their own cognitive processes. In short, 
educators can have great control over what they teach, but far less control over what 
students learn (Kalantzis, 2006). 
Lesson design using constructivism is more complex as the teacher organizes 
information around conceptual clusters. A series of problems, questions, discrepant 
situations, or experiences is designed for students that will motivate them to engage 
in the activities and enable them to learn effectively; and plans made for presentation 
in a holistic manner (Anderson et al., 2000; Brooks & Brooks, 1993). 
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The “guide on the side” (Wertsch, 2001) is used to describe the constructivist 
teacher, which does not dismiss the active role of the teacher or the value of the 
expert knowledge. Elements of constructivism modify that role, so that teachers help 
students to construct knowledge rather than to reproduce a series of facts. 
Constructivist teaching and learning emphasises teachers and students working 
together to create understanding in an interactive way along with other students’ 
thinking. The constructivist teacher provides tools such as problem-solving and 
inquiry-based learning activities with which students formulate and test their ideas, 
draw conclusions and inferences, and pool and convey their knowledge in a 
collaborative learning environment. 
In contrast, the “sage on the stage” is also referred to as a traditional didactic 
instructional style in practice, sender-receiver model which has a long-standing 
tradition in the classroom. This model has been guided not by knowledge of how 
children learn best, but by convention and personal experiences and became the 
vehicle which has driven teachers’ mathematics pedagogy (Bobis, Mulligan, & 
Lowrie, 2013). The sage often bases their practices on their memories of their 
primary or secondary teachers, which has serious implications for the way 
mathematics continues to be taught in schools because teachers often revert to 
teaching in the manner by which they were taught (Bobis et al., 2013).  
A sender-receiver or sage-on-the-stage model of education positions the 
receiver of information as passive and their functioning trivialised (Wertsch, 2001) to 
“processes of repetition, replication and reproduction of received knowledge” 
(Kalantzis, 2006, p. 17). Knowledge remains fixed and eternal and is taught and not 
discovered (Wertsch, 2001). The teacher provides information, demonstrates 
procedures, and determines whether the necessary knowledge has been acquired 
through questions that require rehearsal and recall of the relevant facts or procedures 
(Kyriacou, 2005; Kyriacou & Goulding, 2006). Teachers generally behave in a 
didactic manner, transmitting information to students.  
In contrast the constructivist classroom dynamics include honesty and trust so 
that teaching and learning is not stressful, and productive dispositions are important 
(Powell & Kalina, 2009). Learning occurs when students are challenged, open, and 
comfortable and know they are trusted and can trust themselves. A common ground 
must be secured where teacher and student discussions are open and where the 
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students feel comfortable to discuss their ideas or concepts without inhibitions or 
fear, allowing risk taking. The goal is to produce an inquiring and accepting learning 
atmosphere that leads to each student reaching his or her full potential, building 
knowledge and understanding, with the teacher guiding each student through this 
process (Powell & Kalina, 2009). 
Inquiry and constructivism   
A key activity in a constructivist classroom is solving problems. Realistic 
problem-solving situations require a specific pedagogical approach and a learning 
context (Gance, 2002). In such classrooms, teachers and students use inquiry 
methods to ask questions and investigate a topic, and use a variety of resources to 
find solutions and answers. “Inquiry learning is an approach in which the teacher 
presents a puzzling situation and students solve the problem by gathering data and 
testing the conclusion” (Woolfolk, 2004, p. 329). John Dewey described the basic 
inquiry learning format in 1910 and many theorists have emphasised different forms. 
(Woolfolk, 2004, p. 329) As students explore the problem, they develop personally 
meaningful solutions and explain their thinking to their peers. 
Asking questions of students to uncover where they may have difficulty or hold 
misconceptions is part of the inquiry method to alleviate misinterpretation and assist 
students to make links to thinking and understanding. Constructivist teachers 
encourage students to constantly assess how the activity is helping them gain 
understanding. By questioning themselves and their strategies, students in the 
constructivist classroom ideally become “expert learners”. This gives them ever-
broadening tools to keep learning. With a well-planned classroom environment, the 
students learn how to learn. 
A key aim of a constructivist approach is metacognition (the higher order 
process of reflecting on our own thinking and problem-solving processes), which 
enhances powerful problem-solving potential (Wang, Dong, Li, Zhang, & He, 2012). 
When learners encounter a problem they can reflect not just on the structure of the 
problem, but on the structuring of their approaches to the problem and thereby 
attempt to generate alternative, more productive strategies. Not only is this a useful 
ability, but it is a broader expression of education – to reflect back on what has been 
created through the process of educating (Boyle, 2000).  
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Piaget’s theory has a heavy emphasis on the reasoning ability of individuals 
and how individuals interpret knowledge. He observed children gaining knowledge 
from organising and reorganising data as they received information. Vygotsky saw 
social interaction or collaboration as the chief method for learning and placed more 
emphasis on language development (Powell, 2006). To create an effective 
constructivist environment, teachers need to use teaching strategies or activities that 
employ the theories of both Piaget and Vygotsky when assigning tasks or imparting 
information. Cobb, Wood, and Yackel (1991) believe that learning is both an 
interactive and constructive activity. Each presumes and requires the other, and 
experience is central to each. The construction of mathematical knowledge and 
understanding becomes a social process that is influenced by interactions with others 
in classrooms. Inquiry, questioning, debating, conversation and discussion time, 
allow children to discover knowledge individually within and through the social 
interaction. This encourages students to become more adept at thinking and 
communicating, acquiring knowledge, experience and understanding. 
Becoming a teacher who helps students to search rather than follow is 
challenging and, in many ways, frightening. Teachers who resist constructivist 
pedagogy do so for understandable reasons: most were not themselves educated in 
these settings nor trained to teach in these ways. And, if current instructional 
practices are perceived to be working, there is little incentive to experiment with new 
methodologies—even if the pedagogy undergirding the new methodologies is 
appealing. Brooks and Brooks (1993) found that the following set of descriptors of 
constructivist teaching behaviours provides a useable framework within which 
teachers can experiment with this new approach. This set of descriptors presents 
teachers as mediators of students and environments, not simply as givers of 
information and managers of behaviour. It is based on interactions with students and 
observations in the classrooms of many other teachers. “The development of these 
descriptors has also been informed by the work of several researchers and 
theoreticians, including Sigel, Elkind, Kuhn, and Arlin.” (Brooks & Brooks, 1993, p. 
102) 
There are twelve strategies suggested by Brooks and Brooks (1993, pp. 103-
108) that are useful in constructivism classrooms: 
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1. Constructivist teachers encourage and accept student autonomy and 
initiative. 
2. Constructivist teachers use raw data and primary sources, along with 
manipulative, interactive, and physical materials. 
3. When framing tasks, constructivist teachers use cognitive terminology 
such as “classify”, “analyse”, “predict”, and “create”. 
4. Constructivist teachers allow student responses to drive lessons, shift 
instructional strategies, and alter content. 
5. Constructivist teachers inquire about students’ understanding of concepts 
before sharing their own understandings of those concepts. 
6. Constructivist teachers encourage students to engage in dialogue, both 
with the teacher and with one another. 
7. Constructivist teachers encourage student inquiry by asking thoughtful, 
open-ended questions and encouraging students to ask questions of each 
other. 
8. Constructivist teachers seek elaboration of students’ initial responses. 
9. Constructivist teachers engage students in experiences that might engender 
contradictions to their initial hypotheses and then encourage discussion. 
10. Constructivist teachers allow wait time after posing questions. 
11. Constructivist teachers provide time for students to construct relationships 
and create metaphors. 
12. Constructivist teachers nurture students’ natural curiosity through frequent 
use of the learning cycle model. (The learning cycle model consists of 
discovery, concept introduction, and concept application.) 
 
These strategies work to ensure teachers, students and the mathematics curriculum 
are interconnected, interactive and constructive. 
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Student role in the constructivist classroom 
Students in the constructivist classroom assume responsibility and become 
personally involved and autonomous as their natural curiosity is fostered (Fosnot, 
1996). Through self-initiated inquiry and control in the learning environment 
(O’Donnell, 1997) they break information into parts that they can see and understand 
and make testable predictions (Brooks & Brooks, 1993); and generate their own 
questions, hypotheses, and models for testing (Fosnot). Experiments, manipulation, 
and testing of ideas provide direct, concrete feedback about the accuracy of ideas 
(Strommen, n.d.). Analysing errors is an important aspect of learning (Brooks & 
Brooks; Gagnon & Collay, 2001; Myracle, 2002). Labinowicz (as cited in Brooks & 
Brooks) stated, “A child’s errors are actually natural steps to understanding” (p. 83). 
Students working in groups give and receive help (Webb, Troper, & Fall, 
1995) and express to one another not only opinions, but also how they see loosely 
associated bits of information uniting into interpretations and explanations (Brooks 
& Brooks, 1993). They listen better, find discussion easier, and the shy participate 
more willingly (Gagnon & Collay, 2001). They frequently understand what other 
students do not understand and so can direct attention to relevant features, explain 
using familiar terms, fill in gaps in understanding, and help resolve inconsistencies of 
thought (Webb et al.). 
Students are forced to organize their thinking, develop and extend their 
understanding, reflect, and look at concepts in more than one-way (Burns, 2004). 
Further, this sharing of ideas suggests new possibilities to others for consideration; 
creates new correspondences, contradictions, and interpretations (Fosnot, 1996); and 
compels students to view situations and problems from perspectives other than their 
own (Burns; Johnson & Johnson, 1991). Witnessing examples of the clear and 
cogent thinking of some peers, as well as the meandering and unreflective thought of 
others develops critical thinking and problem solving skills (Webb et al., 1995). 
Students have opportunities to demonstrate their understanding in diverse ways 
(Windschitl, 1999) and in an ongoing manner (Brooks & Brooks, 1993). They 
acquire practical skills and knowledge, increase their general skills, and develop 
problem-solving skills, decision-making abilities (Khalsa, n.d.), and maintain or 
increase their motivation (Olsen, 1999). Students begin to think for themselves and 
not wait for the teacher, proceed with less focus and direction, express their own 
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ideas clearly in their own words, assume responsibility for their own and others 
learning, increase their social and personal skills, attend school more frequently, and 
behaviour improves (Slavin, 1996). 
Students are viewed as thinkers or “cognitive apprentices” with emerging 
theories about the world (Pritchard, 2013). Students become engaged by applying 
their existing knowledge and real-world experience, learning to hypothesise and 
make conjectures, testing their theories, and drawing conclusions. Teachers’ 
instructional decision making, from the outset, is concerned with finding out what 
the students already know and can do and moving them on from this point, rather 
than trying to teach them what they feel they should know. Using the students’ prior 
knowledge, including assessing for misconceptions, forms the basis for the learning 
experiences to follow and the construction of new knowledge. Thus, in a 
constructivist classroom students can be transformed from passive recipients of 
information to active participants in the learning process. Guided by the teacher, 
students construct their knowledge actively rather than just mechanically ingesting 
knowledge from the teacher or a prescribed textbook. 
This understanding of students as thinkers has been backed up over many 
years. For example, a study by Resnick and Omanson (1987) found that children are 
more successful at computation when they rely on their own thinking about number 
rather than on taught procedures. When children rely on procedural knowledge of the 
standard algorithm, their errors suggest over generalisation of rules (Resnick & 
Omanson, 1987) and, due to column-by-column focus of the procedure, they lose a 
sense of the whole quantities and the parts with which they are working.  
Kamii and Joseph (1989) argued that children combine and separate numbers 
in ways that make sense to them; they develop part-whole and whole-to-part 
relationships to further their understanding of place value. These understandings are 
reflected in children’s written representations of computation problems and verbal 
explanations of their thinking. 
In classrooms that reflect a traditional approach, an overemphasis on 
memorisation of procedures has been found to occur instead of conceptual 
understanding (Cooney, 2001). It is about rote learning, rehearsal, memorisation and 
isolation (Kalantzis, 2006); learners have limited opportunities to inquire, discuss 
and investigate mathematics as necessary in a constructivist classroom. 
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Constructivism views learning as an active process in which learners construct new 
ideas or concepts based upon their current/past knowledge and requires the learner to 
select and transform information, construct hypotheses, and make decisions, relying 
on a cognitive structure to do so (Piaget, 1968). Learning is an active social process 
and not an absorptive process. 
The application of critical features of constructivism can transform the student 
from a passive recipient of information to an active participant in the learning 
process. Students become engaged by applying their existing knowledge and real-
world experience, learning to hypothesise, testing their theories, and ultimately 
drawing conclusions from their findings. 
Piaget’s theory (1953) has a heavy emphasis on the reasoning ability of 
individuals and how individuals interpret knowledge.  
Piaget saw children gaining knowledge from organizing and reorganizing 
data as they receive information. Vygotsky’s (1962) approach extends this to 
include the role of the teacher and other students. Vygotsky saw social 
interaction or collaboration as the chief method for learning and placed more 
emphasis on language development. (Powell, 2006, p. 54)  
To create an effective constructivist environment, teachers can use teaching 
strategies or activities that employ the theories of both Piaget and Vygotsky when 
assigning tasks or imparting information. Including inquiry, questioning, debating, 
conversation and discussion time allows children to discover knowledge individually 
within and through the social interaction. This encourages students to become more 
adept at thinking and communicating, acquiring knowledge, experience and 
understanding.  
Language use in the classroom is a most important process in constructivist 
learning. Vygotsky (1962) stated that language enhances learning and that it precedes 
knowledge or thinking. The constructivist classroom relies heavily on collaboration 
among students. There are many reasons why collaboration contributes to learning. 
By way of example, students learn about learning not only from themselves, but also 
from their peers. When students review and reflect on their learning processes 
together, they can learn strategies and methods from one another. Vygotsky (1962) 
argued for the importance of social interaction and that it was an integral part of 
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learning. Through interaction, students come to understand and know about the 
world, through experiencing things and reflecting on those experiences.  
The mathematics curriculum in a constructivist classroom 
The mathematics curriculum in constructivist classrooms is centred on 
constructing the big ideas of mathematics, not small discrete and isolated pieces of 
information, thus exposing students to the ideas that underpin many mathematical 
concepts. Exposing students to wholes first helps them determine the relevant parts 
as they refine their understandings of the big ideas (Hiebert & Carpenter, 1992). For 
example, exploring real-life problems that require multiplication of multi-digit 
numbers helps students understand the concept of the multiplicative process before 
formal methods or procedures for calculating these numbers are taught. This is 
counter to a traditional approach where students learn isolated pieces or parts of 
information with little or no connections to the whole and learned from a textbook. 
For example, a traditional approach would be to learn how to do long multiplication 
by following the teacher’s instructions blindly without understanding why a zero 
needs to be placed in the second line of multiplication or why the two amounts need 
to be added. This does not allow students to understand what the whole should look 
like and makes students totally reliant on needing either paper or a calculator to 
compute answers with no way of justification other than following a procedure and 
relying on memory and abstract thought. 
Typically mathematics textbooks play a significant role in a traditional 
classroom. Students are instructed to do it as shown in the textbook, implying that 
the authors of the textbook knew what students needed to know (Romberg & Kaput, 
1997). Discussion is limited predominantly to the “how” to, and the “how” to is 
limited to one particular way, with the “why” rarely discussed. Procedures are taught 
and then lastly, these procedures need to fit into the big picture. The application of 
the procedure and its fluent mastery are often foregrounded. The understanding of 
the procedure and why it works is of minor importance. Constructivists question this 
approach because without developing skills, knowledge and meaning of problem 
solving, students are not empowered to think and work like mathematicians but must 
rely on memorising facts and formulas. If they do not know the basic facts of 
addition and multiplication or, later, geometry, or remember processes, they become 
disempowered and lose disposition (Powell & Kalina, 2009). 
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The pressure of time to cover the content means there is little time for 
discussion and covering the content in depth. Knowledge is presented, drilled, 
memorised, and worked through exercises from textbooks or worksheets, and finally 
with a common pen-and-paper test of similar problems. The treatment of content is 
generally superficial as the pace of teaching to a program or textbooks takes 
precedence over the time needed by individual students to master information 
(Ewing, 2011). Students become disempowered when minimal or no discussion is 
allowed because the teacher is the authoritative possessor of knowledge and the 
students are the passive recipients of selected aspects of that knowledge.  
Getting through the curriculum and textbook content provides limited 
opportunity for reasoning, thinking and constructing meaning from mathematical 
problems. Rather it reinforces the belief that quick answers are the pinnacle of a good 
mathematician and assumes that all students learn at the same pace and covering the 
same content thus reinforcing a “one-size-fits-all” approach (Kalantzis, 2006). 
State and local curricula address what students need to learn. Constructivism, 
as an approach to inform mathematics education, addresses what and how students 
learn, as does the proficiencies. The teacher using a constructivist approach, in 
mediating students’ learning, blends the what, with the how and the why. Brooks and 
Brooks (1999) captured this process in a comment by a third grader to his teacher, 
“You are like the North Star for the class. You don’t tell us where to go, but you help 
us find our way” (p. 23). 
Critique of Constructivism 
Classrooms using constructivism and group work techniques result in students 
that are more autonomy-oriented and intrinsically motivated with higher self-esteem 
who perceive themselves as more competent in the cognitive domain (Fosnot, 1996). 
They develop a considerable commitment and caring for each other no matter what 
their initial impressions of and attitudes toward each other were. They also like the 
teacher better and perceive the teacher as being supportive and accepting of students 
academically and personally. Other benefits include a decrease in absences, an 
increased commitment to learning, a willingness to take on difficult tasks, increased 
persistence, feelings of satisfaction, increased morale, and a willingness to endure 
pain and frustration to succeed (Johnson & Johnson, 1991). 
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Constructivism does not prescribe a particular set of activities and thought 
processes, nor does it offer clear guidelines for establishing a particular sequence of 
instruction (Applefield et al., 2000/2001). Teachers design lessons directed toward 
developing higher order thinking skills and not computational problems (Mitchell, 
1994). Critics claim that constructivism subordinates the curriculum to the interests 
of the student and stimulates learning only around concepts in which students have a 
prekindled interest; however, Brooks and Brooks (1993) stated that creating and 
simulating interest is possible. 
Constructivism’s weaknesses are that it asserts that all knowledge builds 
inferentially from experiences and it ignores the role of deductive mental processes 
in learning (Khalsa, n.d.). In addition, discovery learning, even when successful in 
acquiring the desired construct “reinvents the wheel” as students “discover” what is 
already known. This takes a great deal of valuable time that could have been spent 
practicing (Anderson et al., 2000; Kickbusch, 1996). 
Groups must be small enough for students to talk effectively, coordinate tasks, 
reach consensus, keep everyone on task, and maintain good working relationships; 
but large enough to represent different abilities, expertise, skills, and diverse 
perspectives. Groups frequently take longer to complete a task, members may not 
work together well, and some students will attempt a “free ride” (Johnson & 
Johnson, 1991). 
The teacher must provide time for students to talk among themselves and not 
interfere (Fosnot, 1996), yet must ensure the groups work efficiently and effectively, 
and members help other members. The teacher must be an expert not afraid to say, “I 
do not know.” Room arrangement requires that students can talk quietly without 
disrupting other groups, maintain eye contact with all group members, and provide a 
clear access lane to every group and the materials (Johnson & Johnson, 1991). 
Conclusion 
This chapter has sought to provide insights into constructivism the theoretical 
framework informing the study to provide an effective conceptual basis from which 
to address the remaining research questions. This framework provides a lens through 
which powerful insights into the proficiency strands, in particular reasoning, and 
teacher pedagogy and student disposition can be gained. 
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By examining the educational theories of Piaget, Vygotsky, Bruner and Dewey 
the principles behind how a constructivist classroom is different from the traditional 
mathematics classroom, for the teacher and student, and how this links to the 
proficiency strand, in particular reasoning have been fore fronted. The teachers’ 
pedagogy informed by a constructivist model must look, sound, think and feel 
different from a traditional classroom; likewise, what the students look like, sound 
like, think like and feel like will differ in a constructivist classroom. The goal in a 
constructivist classroom is to produce an inquiring and accepting atmosphere that 
leads to each student reaching his or her full potential through constructing meaning, 
understanding and reasoning. The next chapter provides an elaboration of the 
methodology used in the study. 
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Chapter 4:  Research Design 
The previous chapter examined constructivism and how it has informed 
teaching and learning in classrooms. In doing so it has enabled a more effective 
understanding of mathematics education classrooms. That framework provides the 
basis for selecting action research as the appropriate method to be used in the chapter 
that follows for analysing participant data in this study. This chapter describes action 
research, presents the educational and social contexts which locate and define the 
study and indicates the means by which data was obtained. It concludes with a 
justification of this research process and its outcomes in terms of its trustworthiness 
and ethical standards. 
The aim for this action research project was to develop an understanding of one 
of the proficiency strands, namely, reasoning. More specifically, it sought to identify 
the extent that students’ dispositions improved as a consequence of five teachers’ 
increased understandings. For students to develop and engage with these strands they 
must believe that mathematics is understandable, not unjustifiable; that with 
dedicated effort, it can be learned and used; and that they are capable of figuring it 
out. To develop productive dispositions requires frequent and regular opportunities to 
make sense of mathematics, to recognise the benefits of perseverance, and to 
experience the rewards of sense making in mathematics (Kilpatrick et al., 2001). 
Selection of the Action Research Approach 
Mills (2000, as cited in Henning, Stone, & Kelly, 2008, p. 5) identified action 
research as “any systematic inquiry conducted by teacher researchers, principals, 
school counsellors, or other stake holders in the teaching/learning environment to 
gather information about how they teach, and how well their students learn”. The 
purpose of action research is to solve a problem in the present moment, in a local 
setting. It is undertaken for the purpose of improving teaching practice and student 
learning by introducing more effective teaching practices.  
Carr and Kemmis (1986) state that there are two essential aims of all action 
research: to improve and to involve. In this study action research aimed at 
improvement in three areas: firstly, the improvement of practice; secondly, the 
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improvement of the understanding of the practice by its practitioners; and thirdly, the 
improvement of the situation or context in which the practice took place. In this 
project a team was developed with the researcher – developing a partnership and 
giving ownership to all. A team agreement was developed cooperatively to guide and 
enhance involvement (see Appendix B). The ownership empowered honest risk 
taking and sharing and also allowed the project teachers to share formally in a staff 
learning meeting and as beginning mentors for other teachers in the school. The 
study used qualitative data collection tools, rooted in a qualitative epistemological 
position that recognises the importance of locating the research within a particular 
social, cultural and historical context.  
“Action research is usually defined as an inquiry conducted by practitioners in 
their own educational settings in order to advance their practice and improve their 
students’ learning” (Efron & Ravid, 2013, p. 9). “Action research is a distinct kind of 
research that is different from other traditional educational research. It is 
constructivist, situational, practical, systematic, and cyclical” (Efron & Ravid, 2013, 
p. 7). In the study, action research was used to establish the proficiencies in the 
research site’s teaching and learning program with the aim to improve the 
implementation of the proficiencies, in particular reasoning, and pedagogical 
practice, in order to improve students’ mathematical learning.  
Action research is a method with the dual aims of action and research, with the 
creation of change being the fundamental intention. Dick (1993) considers that the 
pursuit of both action and research and the spiral process are the defining 
characteristics of action research. The process, however, is not as neat as suggested 
by Dick, as Kemmis (2001) states:  
In reality, the process is likely to be more fluid, open, and responsive. The 
criterion of success is not whether participants have followed the steps 
faithfully, but whether they have a strong and authentic sense of 
development and evolution in their practices, their understandings of their 
practices, and the situations in which they practice. (p. 595) 
Carson (1990) considers that there are two central ideas that distinguish action 
research from other types of research. The first is that it is underpinned by the belief 
“that we may develop our understandings while at the same time bringing about 
changes in concrete situations” (p. 167). Second, because action research intends to 
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draw together research and practice, it runs counter to other research traditions which 
view these as separate activities (Davis, 2004).  
Carr and Kemmis (1986) and Kemmis and McTaggart (2005) reinforce this 
idea of the centrality of change through research, noting that, unlike other forms of 
research which set out to describe or to understand some aspect or problem, action 
research also sets out to change, for the better, a situation in the direction of greater 
“emancipation”. Kemmis and McTaggart (2005) assert that this kind of “critical” 
action research derived from critical theory aims to: 
… help people recover, and release themselves, from the constraints of 
irrational, unproductive, unjust and unsatisfying social structures that limit 
their self-development and self-determination…. [It] is a social process in 
which people deliberately set out to contest and to reconstitute irrational, 
unproductive (or inefficient) unjust, and/or unsatisfying (alienating) ways of 
interpreting and describing their world (language/discourses), ways of 
working (work), and ways of relaying to others (power). (pp. 597-598) 
Wadsworth (1998) also focuses on this aspect of embedded change through 
action research, stating that action research “is not just research which we hope will 
be followed by action! It is action which is researched, changed and re-researched, 
within the research process by participants” (p. 9). Change, therefore, is not an 
additional benefit of action research – it is fundamental to it. Furthermore, change 
does not just happen at “the end”. It happens throughout, with a characteristic of the 
process being that it may change shape and focus over time, even unexpectedly, as 
participants focus and refocus their understandings about what is happening and what 
is important to them (Davis, 2004).  
Participatory Action Research 
Participatory Action Research (PAR), as the name suggests, involves 
participation and action. This method of research is about a group of people who are 
affected by a problem or issue and decide to get together to work out how they want 
to tackle the problem, and then do something about it. Kidd and Kral (2005, p. 187) 
sum up the key elements of this approach to inquiry as “understanding, mutual 
involvement, change, and a process that promotes personal growth”. 
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The intention of PAR is to generate knowledge to inform action; the research 
methodology is conducted with people as opposed to on people. Savin-Baden and 
Wimpenny (2007) state, “This approach challenges the notion that legitimate 
knowledge lies only with the privileged experts and their dominant knowledge” 
(p.1). Rather, PAR asserts that knowledge should be developed in collaboration with 
local expert knowledge and the voices of the “knowers”. Knowing is a product of 
people coming together to “share experiences through a dynamic process of action, 
reflection and collective investigation” (Gaventa & Cornwall, 2001, p. 74). The 
process requires that those who are directly affected by the research problem must 
participate in the research process and therefore the participants are encouraged to 
consider themselves as co-researchers, driving the study forward as a group of 
individuals with shared objectives and decision-making powers. In PAR that 
knowledge is socially constructed and embedded.  
PAR processes should be rigorously empirical and reflective (or interpretive); 
engage people as active participants in the research process; and result in some 
practical outcome related to the work of the participants (Stringer, 1999, p. xviii). At 
its core, “PAR involves the investigation of actual practices and not abstract 
practices” (Kemmis & McTaggart, 2005, p. 564). Yeich and Levine (1992) suggest 
that if the project is initiated by a researcher who conscientiously applies PAR 
ideology, power and ownership are readily assumed by the participants. Regardless 
of how a project is initiated and how committed and open the primary researcher is, 
the success of PAR inquiry depends on joint ownership, commitment and 
responsibility. “In practice PAR involves: (1) focusing on the agenda of participants; 
(2) the use of self-reflective cycles (see figure 4.1); (3) developing shared quality 
criteria to ensure validity; and (4) generation of knowledge and understanding” 
(Savin-Baden & Wimpenny, 2007, p. 335). 
With this understanding of the underlying principles of action research this 
project: (a) was grounded in lived experience; (b) was developed in partnership; (c) 
addressed significant problems; (d) worked with teachers rather than studying them; 
(e) developed new ways of seeing/theorising mathematics teaching and learning; and 
(f) has left a foundation for the proficiencies, in particular reasoning, to impact 
teaching and learning and most importantly student dispositions, in its wake.  
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The Project and the Social Context for the Research  
The overall purpose of this study was to address an area of concern that was 
raised at the school of the researcher when auditing the Australian Curriculum: 
Mathematics and the Numeracy General Capability (ACARA, 2010), that being the 
ability to report on the proficiency strands. However, to report on the proficiency 
strands teachers needed also to give students opportunities to learn skills in 
understanding, reasoning, fluency and problem solving. Collaboratively teachers’ 
skills, knowledge and understanding developed, through trial and reflection, 
following an action research process.  
The researcher has to explore and understand the “social world” by using both 
the participants’ and the researcher’s own understanding and perspectives. This 
project has generated a knowledge base for developing pedagogy to inform teaching 
and learning that has been constructed by the team and therefore owned and 
understood by the team rather than imposed by outside experts. An X chart was 
developed over the six hours of professional development to depict the perceived 
picture of what reasoning looks like, sounds like, thinks like and feels like in the 
classroom (see Appendix C). The X chart was then used as a tool to observe lessons 
and a framework to reflect on the lessons. This research project took into 
consideration the unique context of the participants and their proximal area of 
development, which is the area between a learner’s level of independent performance 
and the learner’s level of assisted performance.  
The research site 
There were two main considerations for selection of a site. The first was 
finding teachers and students who were teaching and learning mathematics and 
willing to explore the proficiency strands, in particular reasoning. The second 
consideration was pragmatic, finding an educational setting that would accept a 
researcher. The research site in this study was the same site that the researcher 
worked as a teacher and curriculum advisor. 
The school is situated in a low socioeconomic status area with a socioeconomic 
status (SES) of 91 (Department of Community Services, 2014). The SES links 
student residential addresses to Australian Bureau of Statistics (ABS) national 
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Census data to obtain a socioeconomic profile of the school community and measure 
its capacity to support the school.  
SES score means the score attributed to a school, which considers students’ 
residential addresses and Australian Bureau of Statistics Census data. The 
SES score aims to measure the capacity of the school’s parent community to 
financially support the school and includes a measure of parental income. 
(Guide to the Australian Education Act, 2013)  
A score of 91 places the school in the lowest quartile area reflecting a low capacity to 
support the school. Families from low-SES communities are less likely to have the 
financial resources or time availability to provide children with academic support 
(American Psychological Association, n.d.). The school is a private school, therefore 
fee paying, and many parents make a great sacrifice financially to send their children 
to the school.  
The Year 4 students in the study, when in Year 3, in the National Assessment 
Program – Literacy and Numeracy (NAPLAN), scored within the range of 250–489 
between bands 2–6, with the school mean coming out at 391, above the state mean of 
386. The Year 5 students’ current NAPLAN results scored within the range of 346–
677 between bands 3–8, with two students exceeding expectations and therefore 
outside the range of Achievement bands for this year level. The school mean came 
out at 491, above the state mean of 481. 
The program history 
The mathematics program prior to this study was planned around the 
Australian Curriculum: Mathematics (ACARA, 2010) and the content descriptors, 
year level descriptors and achievement standards. Over the previous two years the 
teachers were challenged and supported staff through student-free professional 
development workshops to explore their mathematics knowledge and build 
assessment for learning practices using diagnostic tools. This professional 
development was aimed to build: a robust sense of number; an understanding of 
place value; meaning for the basic operations; computational facility; and knowledge 
of how to apply this to problem solving.  
The diagnosis of misconceptions using diagnostic assessment tools and the 
strategies to address these misconceptions through appropriate ways of thinking, 
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generalising and applying mathematical ideas were part of the school’s program. The 
workshops constructed new ways of thinking using the following principles:  
1. use of materials to draw out the patterns on which ideas are developed;  
2. linking to a language that provides meaning;  
3. move to symbolic expressions that express what is happening succinctly 
only when a learner has adopted the way of thinking as his or her own; 
4. engaging practice activities, often in the form of games in which learners 
willingly participate, and is an essential part of learning to bring a concept 
to the forefront of a learner’s mind and enable a process to become fluent. 
Teaching Primary Mathematics by Booker, Bond, Sparrow, and Swan (2009) 
was used as the guide to students’ developmental stages and how they learn 
mathematics. It provided teachers with a sound framework for the successful 
teaching of mathematics to primary students. 
Two pedagogies on which the school built its teaching and learning: (a) 
learning intentions and success criteria for the students, and (b) making real-world 
links to learning were explored through various resources. Differentiation was 
considered important in the school, therefore, textbooks were only used as a resource 
with a class set of 6–10 in each classroom (often at different levels) to eliminate all 
students working through the same book and page each day, therefore, restricting 
ability to differentiate and fulfilling parental expectations that the entire book must 
be used.  
The students were placed in ability groups to maximise their learning. The 
groups were graded from low through to high ability to get maximum benefit from 
instruction. Teachers worked with specific groups so as to attend directly to students 
and provide them with feedback about their learning. The use of manipulatives to 
support instruction was determined by the ability grouping of students; for example, 
student in a high ability group received less use of manipulatives. Teacher assistants, 
individuals who assist teachers with instructional responsibilities, often worked with 
a group or within a class. The Learning Enrichment teachers, teachers who trained in 
special needs, were involved with student groups in the classroom. A numeracy 
coach had been working across the school for the last two years. 
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The missing attribute found in the school audit was addressing the proficiency 
strands in the Australian Curriculum: Mathematics, so that they could be reported on. 
This action research project gave the opportunity for five teachers to address this 
issue and develop skills, knowledge and understanding alongside pedagogical 
practices that enhanced planning, teaching and learning in the proficiency strands.  
Timing  
The research project began midway through Term 2 with the one-hour 
professional development sessions held weekly. The multiplication unit began in 
Term 3 with Year 4. The professional development (PD) had six weekly cycles of the 
teachers observing actions against PD presented and reflection towards developing 
and refining an X chart. The chart works as a record of participants’ responses to 
specific questions and is described in more detail later in this chapter. The four-week 
multiplication unit had ongoing reflection, after actioning planning, sometimes daily 
but at least weekly between the two teachers and the researcher. Further details will 
be discussed later in this chapter. 
The routine of the day 
Mathematics was taught a minimum of four days a week for a minimum of 
forty-five minutes from 11:30 am to 12:15 pm. There was flexibility with lessons on 
two of the four days a week. They could go for sixty minutes if needed and no other 
extra-curricular activities were necessary in that week. 
The researcher’s role 
The researcher acknowledges that research quality is heavily dependent on the 
individual skills of the researcher and more easily influenced by the researcher’s 
personal biases and idiosyncrasies. The researcher’s presence during data gathering, 
which is often unavoidable in qualitative research, can affect the subjects’ responses. 
The researcher did not have a completely neutral role as she was a participatory 
member of the action research team and presented the initial understandings needed 
based on her research around the proficiencies. The researcher had an emic role, as 
an insider, beginning as a leading member of the team and moving to a more 
objective observant (Punch, 1998). In participatory action research (PAR), some of 
the people in the organisation or community under study participate actively with the 
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professional researcher throughout the research process from the initial design to the 
final presentation of results and discussion of their action implications (Thomas, 
2003). The researcher held the position as Head of Teaching and Learning at the 
school where the research was carried out. This PAR project intentionally engaged 
the teachers being studied in formulating and conducting the investigation; the 
researcher intentionally created a very flexible initial plan, and then altered the plan 
on the basis of suggestions from the subjects of study. As a result, the final research 
design and its application are the product of negotiations between the researcher and 
the researched. The implication is that social research will benefit from being 
performed as field research (Burgess, 1984) based on interaction between the 
researcher and the individuals studied.  
Background of the researcher 
The researcher’s interest in the proficiencies was influenced from evaluating 
her own schooling experience and her many years of teaching, with research and 
readings around the proficiencies, constructivism and inquiry in mathematics. She 
was also challenged by her Principal to investigate best practices in implementing the 
proficiencies into the school pedagogy. As a student herself she was an ‘A’ student 
until year 10 but then struggled because in the following two years more problem 
solving, understanding and reasoning were expected. Her schooling had been 
traditional, procedural focussed, following rules and procedures, relying heavily on 
memory, and regurgitating procedures with little to no discussion or opportunities for 
deep understanding or personal reasoning. Discussion, questioning and observation 
of one of her sons who loved mathematics also added to her interest and thinking. A 
professional development course also caused her to reflect on herself as a learner and 
then as a teacher of mathematics and increased her knowledge of conceptual and 
procedural mathematics.  
The participants: Mathematics teaching staff  
The five teacher participants in the study included two males and three females, 
with a male and female in each year level, Year 4 and 5. The participants volunteered 
to be part of the action research project. Eli, the male teacher in Year 4, was new to the 
school in 2014 and was a mature teacher but with five years of teaching experience, 
having migrated to Australia from the UK within the past 12 years. Emma, the Year 4 
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female teacher, was a mature teacher with more than 20 years’ experience, much of 
this in South Africa. Henry, the male teacher in Year 5, was in his seventh year of 
teaching, originally teaching in Scotland for three years and one year in New Zealand 
where he trained; however, he was awarded an acting position within the school, 
restricting his participation in the project. He actively participated in the PD but he was 
not able to put this into action and reflect; he could only reflect on past practices. 
Chloe, the female teacher in Year 5, was in her eighteenth year of teaching but her 
second in Australia, originally teaching and training in New Zealand. She was, 
however, quite sick throughout the action stage of the process and therefore did not 
have the opportunities to implement and reflect as much as other participants. The 
other female teacher, Louise, joined the PD in week two voluntarily as she was going 
to replace Henry whilst he was in the acting position. However, because she was in a 
temporary role she was inhibited with trialling or implementing too much change. This 
study therefore brought together a diverse set of teachers from diverse global 
backgrounds and experiences in education. 
As this research was an action research study situated in a school, the 
complexities of professional and personal circumstances, as described, impacted on 
the ability of all participants to participate. The two Year 4 teachers, Emma and Eli, 
played greater roles in that they attended all the PD and rewrote and adapted their 
whole unit on multiplication to focus on reasoning. They also instigated the use of 
journals into their teaching and learning. 
The participants: Students 
There were thirty girls and twenty-five boys in Year 4 and twenty-three girls 
and twenty-two boys in Year 5. There was one Indigenous student in Year 4 and one 
South African refugee in Year 5. There were two students with Individual Education 
Plans (IEP) in Year 5 and one IEP student in Year 4 (Asperger, Education Assistance 
Plan level 3).  
Permission was given for thirty-two participants in Year 5; however, due to 
circumstances these students’ data was not gathered or used. Forty students in Year 4 
gave permission to participate in the research and journal examples are drawn from 
these students. Only three pieces of student data were chosen to demonstrate the use 
of journaling to reflect understanding and reasoning.  
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Complications and complexities 
As this research was an action research study situated in a school, the 
complexities of professional and personal circumstances impacted on the ability of 
all participants to participate as outlined in the above paragraph (The participants: 
Mathematics teaching staff). Another complication was the hold up in ethics 
approval delaying the original starting dates and then the reporting demands of 
teachers delaying the starting date, further cutting short the opportunity to run more 
than one action research cycle in the classroom practice stage.  
Action Research Plan  
This research began by inviting the Year 4 and Year 5 teachers to participate in 
a professional learning community to develop pedagogical practices in the 
proficiency strands to improve students’ dispositions. In this study, those involved in 
the practice were involved in the action research project over twelve weeks in all its 
phases of planning, acting, observing, and reflecting (see Figure 4.1) but to different 
degrees due to circumstances beyond the control of the researcher and participants. 
When the study commenced, a qualitative approach was considered essential 
for researching the relationships between pedagogy, reasoning and disposition 
towards Mathematics.  
Each phase will now be discussed and explained.  
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Figure 4.1. Action research cycles.1. Planning phase 
In the planning phase the researcher worked with the team to develop common 
knowledge and deep understanding of the proficiencies. Appendix D provides the 
PowerPoint outline of the professional learning workshops and the resources used to 
develop the common knowledge and understandings. An X chart provided a 
powerful and practical way to both capture the developing knowledge and 
understanding and then became a practical tool to implement the necessary attributes 
for reasoning to thrive in the classrooms. In this research project the X chart was 
used to gather the attributes of what reasoning in a mathematics classroom would 
sound, look, feel and think like. The team was asked to give a minimum of six hours 
to the planning time and were compensated by the researcher who released them for 
a day in lieu from their classroom. A team agreement (Appendix B) was 
collaboratively designed so that risk taking and deep thinking and sharing were 
encouraged alongside protocols for behaviour, such as being prompt and staying 
within agreed times. Cycles of plan, act, observe, reflect, think and discuss happened 
weekly over this six week phase. 
2. Acting, observing and reflecting phase 
In the acting, observing and reflecting phase the two Year 4 teachers adapted 
their unit on multiplication to put the X chart attributes into practice in their 
classrooms, with the researcher assisting and observing, drawing on the X chart as a 
checklist. Observations were recorded using the X chart as a checklist to share, 
discuss and reflect on with the researcher. The observations were done by the 
researcher and also by the teachers on themselves as well as on each other. The 
researcher used a voice recorder when presenting a model lesson to capture the 
lesson and reflect upon it with the checklist and notes taken by the observing teacher 
on the X chart. The iPad voice recorder app allowed for a detail record of the lesson 
and was also used to record the PD sessions and the interviews.  
Teachers were asked to journal as often as needed to share their metacognitive 
thinking, thoughts, emotions, feelings, impressions and reflections. The two Year 4 
teachers periodically recorded anecdotal notes in their e-journals which were 
subsequently emailed to the researcher for analysis. Students in Year 4 began and 
maintained a maths journal to record their understandings and reasoning, either when 
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asked to reflect by the teacher or when they had an “ahh” moment. The 
multiplication unit had ongoing reflection, after planning, sometimes daily but at 
least weekly between the two teachers and the researcher.  
Cycles of plan, act, observe, reflect, think and discuss happened weekly over 
this five week phase. 
3. Data collection phase 
The data collection process consisted of five main steps as follows. 
 
 
Figure 4.2. The data collection process used in the study. 
Step 1: Collected survey data from teachers to assess knowledge and 
understanding of proficiencies. This data served two purposes, to be baseline data 
and to inform actual needs of teachers to allow for differentiation in the PD sessions. 
•Pre 
•Post Survey - step 1 
•X chart - In this research project the X 
chart was used to gather the attributes of 
what reasoning in a mathematics classroom 
would sound, look, feel and think like.  
•Building common understandings 
•Transcripts of discussions 
PD - step 2 
•Observations 
•Teacher Journaling Planning a unit -  step 3 
•Observations particularly reflecting on the X 
chart 
•Student Journaling 
Teaching & Learning -   
step 4 
•Teacher reflection using interview questions 
(Appendix G)  Interviews - step 5 
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Step 2: PD meetings to develop the X chart (see Appendix C). The X chart was 
a working document that evolved each week after reflection, discussion, application 
and further research. In this research project the X chart was used to gather the 
attributes of what reasoning in a mathematics classroom would sound, look, feel and 
think like. Audio recordings of the PD were taken and transcribed. The X chart 
became data that initiated action and was constantly reflected upon.  
Step 3: The Year 4 class teachers planned a unit of work where the emphasis 
changed from a procedural model with processes of repetition, replication, and 
reproduction of received knowledge, to reflecting the X chart components to give 
students more opportunities in problem solving, understanding and particularly 
reasoning. The two Year 4 teachers reflected, by journaling and verbally sharing, the 
journey with the researcher.  
Step 4: The researcher observed lessons and kept notes of conversations had 
and observations made during the Year 4 multiplication unit being taught. 
Observations focused in particular around reflecting on the x chart attributes. 
Students in Year 4 began a journal to display their reasoning, understanding and 
strategies. The X chart was used by the teachers to give feedback to each other and 
was continually refined.  
Step 5: Interviews were carried out by the researcher with all five teachers 
reflecting their journeys (see Appendix G for interview questions).  
The pre surveys were repeated reflected some new understandings and 
development; however the interviews gave the most valuable data which will be 
expanded in the analysis chapter.  
Step 6: Analysis of data using NVivo 10.  
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Table 4.1 
Data Collection Instruments 
Step Data collection instruments Timing 
1 Survey Before beginning PD 
2 X chart (which became pedagogical framework) 
Discussions in PD recorded and transcribed 
Teacher journaling 
6 × 1-hour sessions 
over 6 weeks 
3/4 Observations teacher discussions over planning 
Teacher journaling 
Observations in Year 4 classrooms reflecting on the X chart 
Student journaling 
Photos (visual imagery) 
5 weeks 
5 Teacher interviews 
Survey post 
1 week 
6 NVivo 10 input data and analysis Ongoing 
 
Data collection steps will now be described in more detail as presented in 
Table 4.1.  
Teacher survey 
The term “survey” is a research tool designed to collect data from a specific 
population, or a sample from that population, and typically utilises a questionnaire or 
an interview as the survey instrument (Robson, 1993). It is widely accepted as a key 
tool for conducting and applying basic social science research methodology (Rossi, 
Wright, & Anderson, 2013). 
The teacher pre and post survey was used to initially differentiate the PD and 
then reflect on growth in understandings of proficiencies (see Appendix E). The 
surveys provided baseline data to begin the research and assess the teachers’ 
thoughts, opinions, knowledge and feelings about the proficiencies.  
Professional development program and X chart 
The study involved six one-hour PD workshops developed and conducted by 
the researcher in partnership with the team. The PD built teachers’ understandings of 
the proficiencies through readings, video clips, websites, and discussions, developing 
a common understanding amongst the team. Throughout this process an X chart was 
developed to reflect the attributes needed to inform classroom pedagogy to enable 
reasoning to play a prominent role in mathematical teaching and learning. In this 
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research project the X chart was used to gather the attributes of what reasoning in a 
mathematics classroom would sound, look, feel and think like and became the 
pedagogical framework for the project.   
The X chart is an adaption of the Y chart adding “thinks like” to looks, sounds 
and feels like. An X or Y chart is a thinking tool which teachers have been using as 
an effective tool in the classroom for many years (Frangenheim, 2009). Frangenheim 
(2009) states,  
Essentially it serves as an analytical tool since students strive to discover 
more and more about a topic using the sensate approach of what does this 
topic Look, Sound and Feel like (and even taste and smell and move like). It 
is usually completed as a pre-product stage or a brainstorm exercise from 
which one can start creating a product…. it can be used for analysis, 
evaluation and design-type activities.  
Ralph Pirozzo (2013) in his publication The Thinking School: Implementing 
Thinking Skills Across the School identifies thinking tools as strategies or scaffolding 
tools, artificial devices to – 
 Focus attention visually on an issue that needs to be resolved 
 Offering immediate feedback through seeing ideas on paper 
 Seeing the big picture 
 Making new connections 
 Analysing complex situations  
 Developing new thinking skills 
 Creating new ideas and products 
The researcher began by researching the materials available, via the web and 
through professional networks, around the proficiencies, in particular reasoning. 
Appendix D contains the PowerPoint slides used over these six PD sessions and 
contains all readings, links to websites and YouTube clips, quotes discussed and 
resources. The blank and developing X charts can be found in Appendix C.  
Student journals 
Student journals were developed as a way for students to display their 
reasoning, understanding, problem-solving strategies and fluency strategies. Journal 
writing helps students reflect and learn maths concepts (Burns & Silbey, 2001; 
Chapman, 1996; Dougherty, 1996; McIntosh & Draper, 2001; Pugalee et al., 1999). 
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Koirala’s (2002) research indicated that writing about mathematics improves student 
mathematical reasoning, stating, “This is an important area that needs further 
exploration by researchers who are interested in student thinking”. Pugalee et al. 
(1999) claimed that writing was a necessary part of metacognitive thinking, which 
helped in constructing mathematical knowledge.  
The journals became powerful study guides that were compiled by students to 
record their understandings and reasoning. Students recorded key ideas and strategies 
as they worked their way through new concepts. The journals provided a multitude 
of opportunities for students to incorporate the use of such skills as comparing and 
contrasting, recognising cause and effect, and finding similarities. Students recorded 
their “ahh” moments, their proof and reasoning, their strategies and other students’ 
strategies, and were beginning to use them when a strategy recorded was needed in a 
new situation.  
Visual imagery  
A caveat is necessary here to explain the extra description and explanation 
around the use of visuals. As the use of visuals is a relatively new area of use in 
research studies and thesis writing, extra coverage has been given to this area in 
comparison to the other data collection strategies. Visual imagery is used to display 
teaching and learning strategies.  
Grady (2008) refers to visual data firstly as any visually perceptible object of 
interest to, or produced by, human beings and secondly, visually perceptible artefacts 
that record human doings of one kind or another. However, a gap still exists to 
develop an encompassing methodology for the analysis of the visual data.  
The use of visual research methods has become increasingly widespread 
throughout the social sciences according to Knoblauch, Baer, Laurier, Petschke, and 
Schnettler (2008) who stated,  
from their origins in disciplines like social anthropology and sociology, 
visual research methods are now firmly entrenched in major fields of 
inquiry, including sociology, health and nursing studies, educational 
research, criminology, human and cultural geography, media and cultural 
studies, discursive and social psychology, management and organisation 
studies, political science and policy analysis. (Abstract) 
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Knoblauch et al. (2008) define visual data as any kind of visual material, either 
produced by actors (such as lay photographs) or social scientists (such as video 
records of social interactions) that depend in their meaning and significance on the 
visualised records, be it diagrams, photographical reproductions or video-taped 
records.  
Kolb (2008) saw in visual data material, the potential for an integrative 
approach to social reality. She proposed a three-step framework of which the 
following pertains to the data collection in this study:  
 Sharing: The researcher collects authentic data of two different forms, the 
visual data (photos) and verbal data (interviews). With both forms the 
understanding of local structures and processes becomes feasible. The 
researcher, on the one hand, and the respondent, on the other hand, 
generate and share a certain common knowledge visible in the interview 
text. 
 Analysing: Photos provide a distance between object and researcher, and 
introduce certain codes into the field of subjective interest. These visual 
codes can be analysed with different methods of photo analyses and show 
societal contexts.  
The use of visuals is slowly becoming accepted as a subjective and reflexive 
form of qualitative data production and entrenched in major fields of inquiry. It is 
becoming both the subject matter and the methodology of social scientific inquiry 
(Knoblauch et al., 2008). 
Grady (2008) states that photographic data provides a more direct record of the 
actual events being investigated than any other major forms of data collection used 
by social researchers; nevertheless, interpreting photographs often requires 
significantly more inference than other forms of data, because the analytic frame that 
is present in the interview schedule, or the chronological account of the 
ethnographer’s observations, or the storytelling strategy of the person being 
interviewed, is not found in pictures. He cautions that, “while the meaning that the 
photographer ascribes to a picture does not have epistemological primacy over other 
views, it must be acknowledged that all interpretations are ontologically dependent 
upon the picture taker’s moment of engagement with the subject” (p. 24). 
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Photographs allow viewers to see the event through the eyes of another and so 
they are able to look at the scene as though they were there in some very immediate 
way. The viewer will attribute their meaning to the photograph, what they think it is 
about, which Grady (2008) believes the possible “divergence is often less marked 
than current opinion allows”. In looking at a picture we share the experience of 
engagement with a subject; it is this shared experience that entitles the viewer to 
query what they see and expect an answer in response and what makes visual 
research possible. Grady (2008) summarises with the following points. 
Reduced to a nutshell, pictures provide us with two very different kinds of 
information, indissolubly united by a single act: 
 A personal record of affective engagement with a scene that produces an 
impersonal record of actuality and behaviour. 
 Visual data are a record of spatial and temporal relationships and 
invariably raise the question: why here and now and not there and then? 
 Visual data record how someone responds to an object or event, and 
address the question: what do I feel about what I am responding to? 
(Grady, 2008, p. 11) 
Semi-structured interviews 
Semi-structured interviews were used in the study as they provided an 
appropriate way to obtain information central to the research questions of the study 
(Minichiello, Aroni, Timewell & Alexander, 1995). The five teachers were 
interviewed. The interviews allowed for flexibility with questioning and discussion. 
Interview talk is considered to be active social interaction between groups of people 
which leads to negotiated and contextually based results (Fontana & Frey, 2003). A 
series of questions were asked that focused on the mathematics proficiencies, in 
particular reasoning, as well as pedagogy and student dispositions towards 
mathematics. Appendix G contains the interview questions used during the interview 
process. The questions provided structure to the interview process and allowed 
opportunities for the researcher to probe and elaborate the participants’ responses of 
their experiences. The purpose of the semi-structured interviews was to reflect on the 
action research project experience, the classroom practices to action the X chart 
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attributes and a greater emphasis on reasoning and observed changes in students’ 
dispositions.  
Anonymity of participants 
The participants were promised anonymity throughout the study. For 
readability in the study, a pseudonym has been assigned to the first name, rather than 
referring to participants by alphabetical and numerical codes. 
Analysis of Data 
Action research and data analysis 
As action research is a cyclical process and not linear, and as discussed 
previously is likely to be a more fluid, open and responsive process, criteria for 
success are determined by whether the participants gained a strong and authentic 
sense of development and evolution in their practices. Action research draws 
together research and practice which runs counter to other research traditions which 
view these as separate activities (Carson, 1990). Wadsworth (1998) also focuses on 
this aspect of embedded change through action research; action is researched, 
changed and re-researched continuously with ongoing change.  
As the changes are fundamental to action research, the data analysis described 
and reported the changes observed to embed the proficiencies, in particular 
reasoning, into the planning, teaching and learning. Dick (1993) and Winter (1996) 
suggest that action research reports demand alternative ways of writing to account 
for the fact that action research is a continuously changing inquiry, with the 
understandings that are generated and the actions that are created always being 
provisional. Lincoln (1997) proposes “portrayal” as a better term than “reportage” 
for describing the presentation of research emanating from “action” paradigms.  
Brodkey (1987) maintains that through the telling of narratives and stories one 
gets to know “pedagogical content knowledge”. Storytelling also helps in problem 
definitions and offers “a kind of immediate technology of research adapted to the 
study of practical problems in realistic timescales” (Goodson & Walker, 1995, 
p. 187), a key characteristic of action research. Taking into account these 
perspectives, narratives or stories has emerged as an important tool in this study, 
providing a powerful way to reflect, understand, and communicate processes and 
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outcomes. According to Bruner (1986), cited in Davis (2004), narrative can help us 
understand reasons for our actions which are motivated by beliefs, desires, theories 
and values. Brodkey (1987) maintains that narrative and storytelling have become 
significant themes in educational research. Narrative research is research that is 
concerned with stories, the description of the lives of individuals. Polkinghorne 
(1995) states, “narrative descriptions exhibit human activity as purposeful 
engagement in the world. Narrative is the type of discourse that draws together 
diverse events, happenings and actions of human lives” (p. 5).  
To guide the portrayal, the researcher used criteria proposed by Elliott (1994, 
p. 58) and modified by Davis (2004, p. 16) to determine that this action report 
should:  
 describe the curriculum and pedagogical strategies generated during the 
course of developing understanding of the situation; 
 assess the consequences of curriculum and pedagogical strategies, both 
intended and unintended, for the quality of the change process; 
 provide a narrative account of the change process as it unfolded from a 
variety of perspectives: researcher, teachers, and students. This should tell 
a story in non-technical language and give the reader a sense of what it 
was like to be involved; and  
 describe, justify and critique the methods and procedures used to gather 
and analyse data.  
The research has no end state at all, and hence this report can only ever be a 
provisional and incomplete account of the research project (James, 1999).  
By entering all data collected (PD session transcripts, teacher journals, 
researcher journal, X chart, interview transcripts, survey responses) into NVivo 10, 
and drawing on the review of the relevant literature and the theoretical framework, 
the researcher identified clues, key words and phrases that occurred naturally in the 
data (Lofland & Lofland, 1995; Miles & Huberman, 1994). NVivo 10, a computer 
program designed for data coding and handling, was used by the researcher to code 
and run queries to record their occurrences and frequency across all the data sources. 
In defence of the qualitative researcher using software such as NVivo in their project, 
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Richards (2002) suggests that it is feasible to achieve transparency, rigour, rapidity 
and reliability of qualitative data: 
Qualitative researchers are assisted by software tools such as NVivo in 
pursuit of each of the goals of rigor, rapidity, and reliability, but in each area 
there is a need for software design to address the tasks of research where 
rigour, rapidity, and reliability are paramount requirements. (p. 425) 
Further, Bazeley and Richards (2000) suggest that NVivo makes it possible to 
“manage, access and analyze data and to keep a perspective on all of the data, 
without losing its richness or the closeness to data that is critical for qualitative 
research” (p. 1). 
The purpose of this process was to identify and locate all themes related to the 
focus of the study and to select those practices. According to Jorgenson (1989) 
analysis is a: 
… breaking up, separating, or disassembling of research materials into 
pieces, parts, elements, or units. With facts broken down into manageable 
pieces, the researcher sorts and sifts them, searching for the underlying 
meaning, classes, sequences, processes, relationships, patterns or wholes. 
The aim of this process is to assemble or reconstruct the data in a meaningful 
and comprehensible fashion. (p. 107) 
The researcher combed the transcript data to test the hunches and to check for 
patterns against the data to seek segments in the transcripts that would serve as 
evidence to support the insights and explanations. The three components of data 
analysis in this study included data reduction, data display, and drawing and 
verifying conclusions (Miles & Huberman, 1994, 2002) using queries in NVivo 10 in 
particular. Data reduction is the process of selecting, focusing, simplifying, 
abstracting and transforming the data (Miles & Huberman, 2002). 
A Question of Ethics: The Issues 
Researchers in academic institutions are required to adhere to strict codes of 
conduct and ethics. This means that the identities and location of individuals and 
places are not identifiable. The data collected was labelled and held anonymously to 
secure confidentiality. Research participants should not experience harm or be 
identifiable in print because of results. The Queensland University of Technology 
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(QUT) code of consent and ethics was applied in this study. Ethics approval from the 
QUT Research Ethics Unit was obtained, with Approval Number 14000000315.  
Consent and ethical clearance 
The teachers, students, and parents and carers were provided with information 
letters and consent forms (see Appendix H). The forms were signed and dated as 
acknowledgement of willingness to participate in the study. Permission to use 
student data was sought from their parents/carers, alongside permission to take part 
in the study from the students themselves.  
In the following section, the value of research is assessed. The issues of 
reliability and validity in qualitative studies are addressed. 
Assessing the value of research in this study 
There is great deal of debate in qualitative research about whether the criteria 
of validity and reliability that are applied to quantitative experimentation and 
analysis, can and should be applied to qualitative analysis (Gibbs, 2002; Guba & 
Lincoln, 1998). It has been argued that these criteria are not appropriate to qualitative 
research because of the epistemological assumptions and the nature of the methods 
that promote the uniqueness of such research. Guba and Lincoln (1998) propose that 
the criterion of “trustworthiness” includes: 
 credibility – confidence in the “truth” of the findings; 
 reflexivity – entails the researcher being aware of her effect on the process 
and outcomes of research;  
 transferability – showing that the findings have applicability in other 
contexts; 
 dependability – showing that the findings are consistent and could be 
repeated; and 
 confirmability – a degree of neutrality or the extent to which the findings 
of a study are shaped by the respondents and not researcher bias, 
motivation, or interest. 
These aspects are addressed in turn. 
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Credibility 
Credibility relies on the richness of the information gathered and on the 
analytical abilities of the researcher, rather than the sample size of a project (Patton, 
2002). It can be enhanced through triangulation of data. Patton (2002) identifies four 
types of triangulation: (a) methods triangulation, (b) data triangulation, (c) 
triangulation through multiple analysts, and (d) theory triangulation. This study used 
theory triangulation. The interpretations, assertions and explanations were made in 
the context of the theoretical framework and the literature review, lending support 
and depth to the interpretation.  
Reflexivity 
“A researcher’s background and position will affect what they choose to 
investigate, the angle of investigation, the methods judged most adequate for this 
purpose, the findings considered most appropriate, and the framing and 
communication of conclusions” (Malterud, 2001, pp. 483-484). Personal convictions 
and passionate feelings toward this topic, as well as the presence of the researcher in 
the setting, may impact the research. Researchers need to acknowledge their biases 
and be aware that preconceptions may enter into the data collection, analysis, and 
interpretation process; thus, measures to monitor the researcher’s bias and 
subjectivity will be taken. The goal of the researcher as an active participant in this 
study was to hear and understand teachers and students and learn from them and 
from the way they reason in mathematics and how they experience it. The researcher 
has drawn from participants’ words, behaviours, and interactions, rather than from 
the researcher’s own personal beliefs and biases (Glesne, 2011). This required the 
researcher to listen carefully and with sensitivity to their voices. As the researcher 
had an awareness of the possibility of bias, constant and honest reflection on how 
personal subjectivity shaped and influenced what data was collected, analysed and 
interpreted occurred. 
Creswell (2012) propagates that researchers also check their findings with 
participants in the study to determine if their findings are accurate. This validation 
strategy is called member checking, which involves feeding findings of the analysis 
back to the participants and assessing how far they consider the findings to reflect the 
issues from their perspective. This research was taken back to the participants asking 
them about the accuracy of the report. They were asked about many aspects of the 
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study, such as whether the description was complete and realistic, if the themes were 
accurate to include, and if the interpretations were fair and representative.  
Transferability 
Transferring a working hypothesis to other contexts depends on the similarity 
between the original context and the context to which it is transferred (Lincoln & 
Guba, 1985); therefore, transferability of findings cannot be specified by a 
researcher. Rather, Lincoln and Guba (1985) argue only sufficient information of use 
to the reader to determine whether the findings are applicable to the new situation 
can be transferred. Ultimately, the results of a qualitative study must be understood 
within the context of the particular characteristics of the organisation or organisations 
and, perhaps, geographical area in which the fieldwork was carried out (Shenton, 
2004).  
Although the study cannot claim generalisability across other populations of 
teachers and students, or across all mathematics classrooms, because of the small 
select sample drawn upon, by highlighting the accounts of teachers and students in 
four mathematics classrooms and their associated experiences of them, it draws 
attention to the teaching and learning of mathematics and the key role played of 
reasoning. 
Dependability 
Dependability is concerned with the “stability of the data over time” (Guba & 
Lincoln, 1989, p. 242). Guba and Lincoln (1989) propose one technique, “inquiry 
audit” (p. 317), for enhancing dependability of research. The inquiry audit relies on 
the extent that the research process is traceable and documentable. Dependability is 
parallel to reliability. So as to enable readers of the research report to develop a 
thorough understanding of the methods and their effectiveness, the text should 
include sections devoted to  
a) the research design and its implementation, describing what was planned 
and executed on a strategic level;  
b) the operational detail of data gathering, addressing the minutiae of what 
was done in the field;  
c) reflective appraisal of the project, evaluating the effectiveness of the 
process of inquiry undertaken.  
(Shenton, 2004, pp. 71–72) 
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Confirmability 
Confirmability in research consists of the degree to which the researcher 
demonstrates the neutrality of interpretations through “confirmability audits” 
(Lincoln & Guba, 1985, p. 320). Confirmability audits include raw data, analysis 
notes, synthesis projects, process notes, personal notes and preliminary 
developmental information. According to Lincoln and Guba (1985) there are six 
groups of records which can be part of the audit:  
1. Raw data (field records, audio and video sessions) 
2. Data reduction and analysis products (quantitative summaries, compacted 
notes, hypotheses) 
3. Data reconstruction and synthesis products (thematic classifications, 
interpretations, inferences) 
4. Process notes (procedures and design techniques, trustworthiness 
information) 
5. Materials associated with intentions and dispositions (study proposal, field 
journal)  
6. Instrument development information (pilot forms, survey format, 
schedules). 
Triangulation of multiple methods, data sources, and theoretical perspectives 
checks the potency of the researcher’s concepts. Multiple methodological practices 
combined with empirical materials, perspectives and observers in a single study add 
rigour, breadth, complexity, richness and depth to an inquiry (Lincoln & Guba, 
2000). As Denzin and Lincoln (2000) state, “the researcher-as-bricoleur-theorist 
works within and between competing and overlapping perspectives” (p. 6). The data 
collection therefore expanded from the original surveys, interviews, PD description, 
X-Chart development and observations to add student journal work and photos, to 
capture the richness and depth. 
Conclusion 
In summary, this chapter has described the research methods, the research 
process and its social and educational setting in which the accounts emerged. It has 
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taken into account the ethical considerations necessary to conduct this research 
project and argued for appropriate means of assessing the value of research. The next 
chapter will discuss and analyse the data addressing research questions one and two:  
1. What pedagogical practices are deemed suitable for implementation and 
maintenance of the strand reasoning? and  
2. To what extent are students’ productive mathematical dispositions, as 
perceived by teachers, enhanced with the inclusion of reasoning and 
suitable pedagogical practices?  
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Chapter 5:  Analysis and Discussion 
The previous chapter presented the research design and methodology of this 
study to provide a conceptual foundation to address the research questions. It also 
acknowledged the importance of social interaction and reasoning during mathematics 
instruction and learning. As detailed in Chapter 3, the relationship between the two is 
a dialectic one, that is, it is through social interaction that reasoning is constituted. In 
doing so, it uses the dimensions of constructivism described in Chapter 3 to provide 
the organising framework for the analysis in this chapter. This chapter highlights 
what happened in practice in one school across two year levels, Years 4 and 5, 
putting theory into practice and reflecting on what this process looked, sounded, felt 
and thought like in the classroom. 
In this chapter the following research questions are addressed:  
1. What pedagogical practices are deemed suitable for implementation 
and maintenance of the strand reasoning? and  
2. To what extent are students’ productive mathematical dispositions, as 
perceived by teachers, enhanced with the inclusion of reasoning and 
suitable pedagogical practices?  
To answer these questions, this chapter provides insights into five teachers’ 
journeys, tracing their development to more current interpretations of how children 
learn mathematics through reasoning. This journey is an excursion about 
constructing knowledge, understanding and improving practices collaboratively. It is 
not about “extracting secrets” from a group of research “subjects” but about the full 
involvement of participants, where possible, in decision-making and in having 
ownership of the research process as well as the outcomes of the research (Davis, 
2004, p. 8). 
Action research is a systematic and dynamic process examining what is 
happening, analysing and perceiving about the experience much like a television 
sports analyst for a sport game as they describe what is happening and break it down 
so that others can understand it (Davis, 2004). The underlying principles of action 
research discussed in Chapter 4 frame the analysis in this chapter, and include: (a) 
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grounded in lived experience; (b) developed in partnership; (c) addressing significant 
problems; (d) working with, rather than simply studying, people; (e) developing new 
ways of seeing/theorising the world; and (f) leaving infrastructure in its wake 
(Bradbury & Reason, 2003). 
An important caveat is necessary here due to the varied degree to which 
participants engaged in the project. As this research was an action research situated 
in a school the complexities of professional and personal circumstances impacted on 
the ability of all participants to participate. An expansive discussion of the details 
depicting the levels of involvement due to circumstances was provided in Chapter 4. 
As teacher participants Eli and Emma engaged to a greater degree in the project the 
data pertaining to them plays a greater role in this chapter when compared to other 
teacher participants. 
Mathematics Instruction in the Classroom 
In the past, instruction in mathematics has been guided not by our knowledge 
of how children learn best, but by convention and personal experiences of traditional 
practices (Bobis et al., 2013). The focus of this research is the crucial role of the 
proficiency strand, reasoning (ACARA, 2010) in mathematics classrooms, which 
challenges this traditional convention. The development of mathematical reasoning is 
a dynamic process that develops deep understanding, through problem solving, and 
builds fluency, encapsulating all of the proficiencies into powerful learning. The 
pedagogical practices suitable for implementation and maintenance of reasoning in 
mathematics teaching and learning were explored, further challenging traditional 
pedagogy.  
In the project school, instruction in mathematics was guided by the content 
strand in the Australian Curriculum and two key resources. Chapter 4 expanded on 
these elements further. The researcher, also working at the school, challenged the 
staff about the need to report on the proficiency strands just as reporting was 
happening on the content strands; as Sullivan (2012, p. 182) states, “the proficiencies 
are intended to inform assessment and particularly the articulation of standards”. 
Although the teachers agreed with the need to assess and report on the proficiencies 
in principle, they felt that they did not necessarily understand this strand fully and 
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felt that it was unfair to assess something that they may not plan or teach to. Hence 
the justification for this action research project. 
The researcher began by researching the materials available, via the web and 
through professional networks, around the proficiencies. Such materials were found 
to be reasonably scarce in relation to the Australian Curriculum but more was found 
when investigating the origins of the proficiency strand as discussed in Chapter 2. A 
series of professional development (PD) sessions to expand the team’s thinking, 
knowledge and understandings was designed and implemented. A key goal for these 
sessions was to develop an X chart (see Appendix C, Blank X chart and early 
attempts) to capture what a classroom would sound, think, look and feel like if 
reasoning, in particular, had an active role in planning, teaching, learning and 
assessment. The X chart was a work in progress and as participants read articles, 
watched YouTube clips, explored websites and engaged in rigorous discussions, 
additions, deletions and modifications were made to the chart (see Appendix D, PD 
PowerPoint Slides).  
Reasoning and the practices and strategies discussed in this chapter have 
emerged from the interviews, observations and PD program and associated strategies 
such as the use of an X chart (see description in Chapter 4). The chart provided an 
early focus on reasoning in mathematics classrooms at the school. The reasoning 
discussion is primarily framed within the context of the developing teacher in the 
mathematics classroom. The discussion and analysis of practices centres on 
(a) problem solving, (b) planning for teaching, and (c) resource use. The discussion 
and analysis of strategies includes (a) questioning and (b) journaling. This chapter 
then concludes with an analysis and discussion of student dispositions. The next 
section commences with a discussion and analysis of reasoning in the mathematics 
classroom and then follows the sequence of practices and strategies as outlined. 
Reasoning and the developing teacher 
To understand reasoning and the developing teacher in the mathematics 
classroom, significant processes that occurred during the PD will be discussed using 
a narrative account of the change process as it unfolded, telling a story in non-
technical language and giving the reader a sense of what it was like to be involved 
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(Davis, 2004, p. 16). The significant processes within the PD sessions were agreeing 
on an analogy, developing an X chart and then planning and teaching a unit of work. 
The analogy 
The project began with a series of PD sessions around defining the 
proficiencies – fluency, understanding, problem solving and reasoning. It was 
established that without an emphasis on these strands the content strands had little or 
no power because the focus would be on the “what” and not the “how and why”. 
Figure 5.1 provides a visual representation of the thinking that the content strands 
(Number and Algebra, Measurement and Geometry, and Statistics and Probability) 
are like the structure of a car and the proficiencies are like the engine giving the 
content power. Sullivan (2012) used the metaphor of verbs acting on nouns 
describing the explicit intention of the proficiencies acting on the content to ensure 
the emphasis is on the full range of mathematical actions and not just fluency. 
 
Figure 5.1. Proficiencies give power to the content (from “The proficiency strands: The power of the 
Australian Curriculum” by Lorraine Day, n.d., The University of Notre Dame). 
This picture of the car became a real-life analogy, depicting why the 
proficiencies were important and exemplifying the significance of teaching with the 
proficiencies and why it was important to work out how to teach with a greater 
emphasis on the proficiencies. This analogy aided a mindset shift observed by the 
researcher and some of the arguments around not having enough time and releasing 
control began to dissipate. It brought a realisation that just teaching the content by 
the “processes of repetition, replication and reproduction of received knowledge” 
PROFICIENCIES GIVE POWER TO THE CONTENT 
content
power
verbs What 
Nouns 
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(Kalantzis, 2006, p. 17) was not the most effective way to teach or learn 
mathematics. 
Using the car analogy and as a result of discussions in the PD sessions, two 
statements from the Australian Curriculum: Mathematics (ACARA, 2010) were 
selected by the team to be of significance and placed on the X chart to justify and 
guide the emphasis on reasoning and assist in capturing the essence of its power (see 
Figure 5.2, X chart). Both statements used the word “power” which linked the car 
analogy and emphasised the need to incorporate and use the proficiencies to drive the 
content with mathematical power referring to an individual’s ability to ‘explore, 
conjecture, and reason logically, as well as an ability to use a variety of mathematical 
methods effectively to solve non-routine problems’ (NCTM, 1989, p. 5). Further, the 
statements provided the impetus for teachers to improve their practices to reflect the 
proficiencies accordingly. 
The X chart strategy 
Developing the X chart was an important process in the development of the 
teachers’ mathematical thinking and understanding, and is a product of this research. 
It was developed collaboratively over the series of PD sessions and refined as more 
knowledge and understanding developed in the team, after exploring readings, 
definitions, video clips, websites and discussions. After each PD the team would 
critique the X chart, reflect and action changes to the X chart. Through the PD 
teachers acknowledged that their old practices were not always optimising students’ 
learning opportunities, particularly deep understanding and reasoning. The X chart 
was developed to portray the perceived picture of what a classroom that instils in 
students an appreciation of the elegance and power of mathematical reasoning would 
look like, feel like, sound like and think like and was instrumental in being precise 
about what needed to change. Beginning as a blank document in week 1 (see Chapter 
4 and Appendix C) action research led to the development of the final version as 
displayed in Figure 5.2 and Appendix I. 
 86 Building teachers’ pedagogy practices in reasoning, to improve students’ dispositions towards mathematics 
 
Figure 5.2. X chart – Gathering the picture or perceived picture of a situation.  
The X chart encapsulates the constructivist role of the teacher who helps 
students to construct knowledge rather than to reproduce a series of facts. The X 
chart emphasises teachers and students working together to create understanding in 
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an interactive way along with other students’ thinking, in stating for example “less 
telling more questioning”. Contrary to criticisms by some opponents within the 
mathematics education field, constructivism does not dismiss the active role of the 
teacher or the value of expert knowledge (Brooks & Brooks, 1993). This research 
affirmed this by showing that a lot of teacher questions are necessary so students can 
learn by discovering rather than being told. 
During interviews, teacher participants shared that the X chart would be useful 
when sharing this project with other teachers. For example, Henry said: 
I would use the X chart that we discussed and created to discuss with 
teachers how much they may already be doing, and discuss with them the 
remaining points and how this could help benefit the students. (Interview, 
Henry, Teacher) 
Eli shared: 
I think it would be a super inclusion in planning because it links to the 
curriculum stuff nicely, really good to share in terms of direction to take, and 
analysing the key aspects that are necessary. It helps keep the students’ 
needs as a focal point… our observations and opinions about what’s most 
important that keep the real classroom the centre of our teaching not a paper 
trial and planning for compliance. This is the reality of our classroom – this 
is what it sounds like, this is what it looks like and this is what it feels like 
when we are in there. I think parts of it could be shared with students but it 
could even be taken to the next level with creating one for students in two 
different ways with what it currently actually feels, sounds, like and then 
another one what we want it to be from their point of view. (Interview, Eli, 
Teacher)  
Eli and Henry were both motivated by composing the X chart to not only create 
classrooms that reflected the X chart but to share it with other teachers and their 
students. They shared how the X chart now shaped what their real classrooms would 
look, sound, think and feel like with reasoning central to the learning, analysing the 
key aspects that are necessary.  
After the teachers were introduced to the X chart in the first PD sessions, 
discussions framed around the nexus between theory and practice occurred. That is, 
the critical elements of constructivism as they pertained to the teaching and learning 
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process were introduced. This process included foci on students constructing their 
own approaches to problem solving in order to develop their conceptual 
understanding for reasoning processes to be successful, purposeful engagement with 
higher cognitive thinking and the use of multiple forms of representation using 
materials and maths journals to represent student thinking. This activity provided a 
solid foundation from which to begin the study with the teachers and to also inform 
them of the significance of the nexus between theory and practice. 
The active role of setting up challenging problems and following through with 
questions to direct discovery is an art in teaching as a social constructivist teacher 
and affirmed in the literature in the discussion on communicating mathematics and 
reasoning. In this process, teachers were enlightened to the need to develop 
purposeful tasks and activities to engage students in reasoning and verbalising about 
maths to promote reflective enquiry, to promote discussion around reasoning, deeper 
understanding and metacognition. Guided by the teacher, students constructed their 
knowledge actively rather than just mechanically ingesting knowledge from the 
teacher or a prescribed textbook. 
The PD sessions challenged prevailing practices about mathematics teaching 
and learning that were often markedly different from those promoted by the 
researcher and current research. The shift observed by the researcher typically was 
from teaching procedures and memorisation, for students from consumption to 
construction, to mathematical inquiry and conceptual understanding leading to 
reasoning. This shift was exemplified in the X chart (see Figure 5.2), for example by, 
“less telling more questioning”, “learning by discovering, rather than being told”, 
and “solution strategies are more important than the answer”. The following sections 
discuss the key elements of the X chart, that is, what a reasoning classroom looks, 
sounds, thinks and feels like. 
A look at a reasoning classroom  
What the classroom might look like, as recorded in the X chart, reflects many 
of the attributes in the definition of reasoning from the Australian Curriculum: 
Mathematics (ACARA, 2010) discussed in Chapter 1 and pedagogies that foster 
communication as highlighted by Sullivan (2012). Consequently the teachers’ 
planning could no longer just set out the content with resources to teach it; teachers 
had to consider how they could set the scene for inquiry, what questions could they 
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ask and what problems they could set to allow inquiry and not just following 
procedures. The teachers needed to provide tools such as problem-solving and 
inquiry-based learning activities with which students could formulate and test their 
ideas, draw conclusions and inferences, and pool and convey their knowledge in a 
collaborative learning environment. The “no hands up” rule was to encourage 
thinking by all students and to maintain thinking, as after a few hands go up some 
students stop thinking because they know the teacher won’t ask them and the 
students with their hands up stop thinking as they already have the answer they want. 
In the PD when asked about what a reasoning classroom might look like, some 
of the collaborative comments included: 
 learning by discovering rather than told;  
 students doing more of the work and talk than the teacher;  
 developing an understanding of the relationship between the “why” and 
the “how” of mathematics;  
 linked to real life, useful; thinking time/ no hands up rule;  
 working towards sense making;  
 students’ comparing and contrasting related ideas and explaining their 
choices, proving that something is true or false; 
 adapting the known to the unknown; building skills and strategies; and 
engaged students. 
For the developing teachers, structuring questioning became an important 
factor so that answering of questions by the students became more about the process 
and less about the answer, about the why as well as the how as displayed in the X 
chart – developing an understanding of the relationship between the “why” and the 
“how” of mathematics. No longer was it about memorisation of the teachers’ 
procedures but discovering the procedures, and often a variety of procedures. The 
why was conceptualised in developing the how, through the construction process and 
through sharing and journaling. Hence the classroom needed to look like students 
comparing and contrasting related ideas and explaining their choices, proving 
whether things were true or false. 
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An interactive reasoning classroom 
Vygotsky (1962) argued for the importance of social interaction and that it was 
an integral part of learning. Through interaction, students came to understand and 
know about the world, through experiencing and reflecting on those experiences. In 
the PD it was agreed the reasoning classroom on the X chart was perceived to sound 
like more student talk than teacher talk, which challenged the traditional model of the 
mathematics classroom, however was necessary for 
 students transferring learning from one context to another;  
 students adapting the known to the unknown; less telling more 
questioning;  
 solution strategies being more important than the answer;  
 lots of teacher questions; exploring the language of mathematics;  
 students analysing, proving, evaluating, explaining, inferring, justifying 
and generalising;  
 students explaining their thinking; students deducing and justifying 
strategies used and conclusions reached; and 
 students proving that something is true or false therefore changes needed 
to be made to planning, teaching, classroom organisation and expectations. 
These points demonstrated the need for teachers to emphasise to students, 
strategies and thinking more than answers and that thinking is not driven by answers 
but by questioning in the reasoning classroom. The six types of Socratic questions 
(Appendix A) and the “Five principles for effective questioning” (Appendix J) began 
to play an active role in planning and teaching after being discussed in the PD 
sessions. By applying both of these questioning frameworks to the research, it 
challenged the teachers to expand their repertoire of questions and plan their lessons 
with questions rather than content instruction. When Eli was asked in an interview –
“What would planning look like if it was based on the proficiency strand first rather 
than on the content strand?” he said: 
Well as we just said again more reality for the students. Umm planning 
activities and assessment based on the reasoning, understanding, discussing, 
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asking questions, analysing what we are doing instead of what we have to 
cover. (Interview, Eli, Teacher) 
Eli shared his new thinking about the need when planning, to plan “what we 
are doing instead of just what needs to be covered” and asking questions and analyse 
what is happening in the lesson. The words “instead of” depict the change process 
instigated by this intervention. This supports Askew (2012) who took the stance of 
the proficiencies as actions, which meant moving from seeing mathematics as a body 
of knowledge for learners to acquire, to an activity to engage in from ‘preformed’ to 
‘performed’. 
Strategies explored in other teaching and learning areas, like guided reading 
and inferring, were shown on posters placed in Eli’s classroom. For example, the 
reference to inferring provided students with an explanation of what inferring meant 
in guided reading, however, this same strategy was transferred to mathematics 
learning. To illustrate, in missing addend problems inferring was needed to work out 
the problem. Students needed to infer that subtraction was the strategy required even 
though the words used in the problem were linked to addition. In this research, the 
teachers asked students what they inferred about problems in mathematics. The result 
was that students could develop the big picture behind the problem and work out the 
strategy needed to solve the problem and not get stuck on developing the strategy 
from key words which often led to the wrong strategy. 
From the classroom observations, once teachers had begun to implement 
statements from the X chart (such as students explaining their thinking) the 
mathematics classrooms were no longer quiet classrooms. Rather, they evolved into 
productive learning environments where students were discussing, disputing, 
proving, analysing, evaluating, explaining, inferring, justifying, debating, deducing 
and working as mathematicians, not just doing maths. Louise shared,  
Also getting the conversation going is good because they now talk about 
their mathematical thinking. (Interview, Louise, Teacher) 
Eli expanded on Louise’s comment: 
Mostly umm you definitely see the shift in the thought process in some 
students and their acknowledging and able to articulate but not necessarily 
realising that is what they are doing. They were able to understand 
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something reasons something, and they tell you what they have done and 
how they have done it. And maybe writing it down really well but not 
realising they are actually showing their reasoning. (Interview, Eli, Teacher) 
As teachers valued conversation, which Louise shared with the use of the word 
“good”, more opportunities were given to the students for discussion and the teachers 
observed the articulation of “mathematical thinking” and developed what Skemp 
(1976) terms “relational understanding”. This research supported Barmby et al.’s 
(2009, p. 196) claim that problem solving and investigations which allowed students 
to discuss their own ideas in describing and explaining their current thinking, 
metacognition, as well as listening to the thoughts of others, promotes reasoning and 
therefore greater understanding. Through these processes the power of the 
mathematics was given back to the students and the excitement of thinking and 
reasoning became more the new norm. 
Thinking in a reasoning classroom 
Resnick and Omanson (1987) found that children are more successful at 
computation when they rely on their own thinking about number rather than on 
taught procedures. This was identified in the following points that emerged from the 
X chart:  
 deducing and justify strategies; students explaining their thinking;  
 risk taking; students believing they are good at maths;  
 students taking up and challenging thinking;  
 trying different strategies; 
 thinking through strategies; 
 analysing, proving, evaluating, explaining, inferring, justifying and 
generalising.  
These points imply a need to produce an inquiring, safe and accepting learning 
environment that encourages students to take risks and express their thinking. 
Students were expected to be thinkers or “cognitive apprentices” with emerging 
theories about the world (Pritchard, 2013). 
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The feeling of a reasoning classroom 
In a risk-taking acceptable environment misconceptions can be seen by 
students as learning opportunities rather than something they have done wrong, 
catastrophic and causing embarrassment. From the X chart strategy the following 
elements were identified and include: sensible; doable; useful; worth persevering; 
exciting; rewarding; engaging; collaborative; supportive; motivating and felt safe but 
challenged. 
The significance of these points was further elaborated by Louise during an 
interview. She shared about her classroom and talked about a particular child who 
had really been feeling empowered by the questioning and the greater discussion 
allowed in maths lessons and how rewarding it was to now see a particular child take 
risks and feel safe. She explained that: 
Child B would call out, “haven’t got it yet, no I don’t know”. And someone 
else would explain their thinking and he would say, “oh now I know, I can 
see that”. And he’ll use words that somebody has used in the explanation. So 
he was happy to verbalise his thinking thoughts to getting it. A few other 
children benefited from drawing [on] their thinking to help them explain it 
fully… They learnt that there is [are] all different ways of showing it. 
(Interview, Louise, Teacher) 
In this recollection Louise depicted how this student felt safe to say he didn’t 
“get it” yet and other students felt safe to explain their thinking. Barmby et al. (2009) 
state, “The role of mathematical representations and explicit articulation of students’ 
thinking plays a key role in an approach to teaching which incorporates mistakes and 
misconceptions. Without knowing what children think in terms of how they are 
seeing what they do and reasoning about what they think, it is difficult to address 
their mathematical difficulties” (p. 200). 
In concluding this section, the X chart was developed to portray the perceived 
picture of what a classroom that aims to instil in students an appreciation of the 
elegance and power of mathematical reasoning would look like, feel like, sound like 
and think like. It then became the basis for informing planning, teaching and learning 
and as an observation tool to reflect and give feedback on lessons. The explanation of 
reasoning in the Australian Curriculum Content Structure heavily informed this chart 
and was critiqued in Chapter 2. The dot points and the quotes from the Australian 
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Curriculum (ACARA, 2010) on the X chart captured the how to and why of 
reasoning in mathematics classrooms. In the next section the practice of problem 
solving is analysed and discussed. 
Problem solving  
The purpose for engaging in problem solving in the Australian Curriculum is 
not just to solve specific problems, but to “encourage the interiorization and 
reorganization of the involved schemes as a result of the activity” (Cobb et al., 1991, 
p. 187). Not only does this approach develop students’ confidence in their own 
ability to think mathematically (Schifter & Fosnot, 1993), it is a vehicle for students 
to construct, evaluate and refine their own theories about mathematics and the 
theories of others (NCTM, 1989). This approach needed a greater emphasis on the 
why rather than the how, calling for serious exploration, less on heuristics per se and 
more on mathematical reasoning and proof. Fostering reasoning through problem 
solving and inquiry required students to solve practical problems, and then explain 
their reasoning behind their solutions, facilitating deep understanding as Henry 
explained. 
The reasoning strand is the culmination of fluency, understanding and 
problem-solving. In order to demonstrate valid and logical mathematical 
processes, students need to be able to have worked through a topic from 
every angle and through multiple situations, to have experienced failure and 
unease, and to have persevered to experience success and a deeper 
understanding of what they are learning. (Interview, Henry, Teacher) 
In this statement, Henry expresses how the four proficiencies are intertwined and 
working through problems from every angle and through multiple situations leads to 
deeper understanding which allows for reasoning and success. This aligns with 
Lowe’s (2013) work; when describing problem solving he concludes that the ability 
to call on a range of understandings and skills is necessary and opportunities need to 
be given to the students to work at problem solving beyond the worked example 
from a book. 
Student inquiry was encouraged through thoughtful, open-ended questions and 
encouraging students to question and challenge each other. The challenge problem 
(Meg says that 14×17 will have the same answer as 15×16. Why do you think that 
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Meg has made this connection? Do you agree/or disagree? Prove it.) encouraged 
great debate, lots of metacognitive thinking and an inquiry learning classroom as 
shared in the interview with Emma. 
Reasoning, to be able to reason you need to understand and think through to 
verbalise it. It is a whole cognitive process. Metacognitive thinking and 
being able to verbalise it. What I have noticed with children especially in 
their journals when they write it down it is difficult for them. It is a journey. 
The journaling has really been a highlight. We have done our journaling, we 
don’t do it every day but we do it quite a bit during the week especially at 
the inquiry time. (Interview, Emma, Teacher) 
Emma has linked reasoning with understanding and the need to verbalise 
thinking to enable the cognitive processes to be put in order for students then to be 
able to journal their thinking and record the inquiry process. The questioning, 
discussion and journaling led to an inquiry model in the Year 4 mathematics unit as 
shared by Emma, 
Yes again it has led to inquiry learning – what is, where is, is this going to 
happen, those types of questions and I am leaning back always to this sheet 
five principles for effective questioning. What makes mistakes, oops, we 
have made a mistake, and how do we change things? Is this approach going 
anywhere? Do I need to redirect? All kinds of things. I definitely feel the 
journaling has been a wonderful start on the journey so I am going to 
continue with that. (Interview, Emma, Teacher) 
Emma shared how she leaned back on the “Five principles for effective questioning” 
(Primas, 2010) which are (a) plan to use questions that encourage thinking and 
reasoning; (b) ask questions in ways that include everyone; (c) give students time to 
think; (d) avoid judging students’ responses; and (e) follow up students’ responses in 
ways that encourage deeper thinking. The plan for using questions that encourage 
thinking and reasoning is sequenced with suggested questions to begin an inquiry, to 
progress an inquiry, to interpret and evaluate the results of an inquiry and lastly to 
communicate conclusions and reflect on the mathematical inquiry. This inquiry 
process then led to journaling to capture and reflect on the thinking, processes, 
strategies and learning.  
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As the problem-solving inquiry question (Meg says that 14×17 will have the 
same answer as 15×16. Why do you think that Meg has made this connection? Do 
you agree/or disagree? Prove it.) had jumped into long multiplication the teacher re-
ran the Meg problem with 10×6 and 11×5 to assist students in realising that the 
addition strategy of one less one more didn’t work for multiplication, continuing 
great debate and “ahh” thinking. Students worked through a cycle of inquiry to prove 
and justify their thinking.  
Inquiry learning is an approach in which the teacher presents a puzzling 
situation and students solve the problem by gathering data and testing the conclusion 
as described in the Meg problem. John Dewey described the basic inquiry learning 
format in 1910 and many theorists have emphasised different forms (Woolfolk, 
2004). Guided forms of teaching or facilitation are necessary, as students construct 
their own concepts and understanding of what is being taught and learn to question 
and inquire into what is being learned. The teachers planned extensively and in this 
process provided tools such as problem-solving and inquiry-based learning with 
which students formulated and tested their ideas, drew conclusions and inferences, 
and pooled and conveyed their knowledge in a collaborative learning environment. 
This encouraged students to become self-motivated, confident learners through 
inquiry and active participation in challenging and engaging experiences. The 
importance of planning is discussed and analysed more fully in the next section. 
Planning for teaching 
The multiplication unit planned and taught by the Year 4 teachers along with 
the researcher, shifted the teachers’ mindset from the content strands driving their 
planning, teaching and learning to the proficiency strands, in particular reasoning, 
being the driving force. The teachers took on the challenge to incorporate a balance 
of the proficiencies in particular reasoning into their multiplication unit which in the 
past was very procedural fluency heavy. The X chart was used as a pedagogical 
framework, changing the thinking from how are we going to cover the content to 
how are we going to make sure students get opportunities to do the attributes in the X 
chart – for example, more student talk than teacher talk.  
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A further outcome of this research was a realisation that the pace of the 
curriculum needed to slow down to allow for depth of learning rather than breadth of 
content, to enable reasoning. Eli encapsulated this in the interview: 
It is meaningful for the students; it is taking a lot more time than your 
regular here’s a worksheet. Umm but again that is a good thing if it’s flexible 
and the curriculum content what we have to cover in a year is flexible 
enough and the focus is on students being able to confidently understand 
things and show their reasoning, then surely that is more important than 
making sure that ACARA wants you to do. (Interview, Eli, Teacher) 
In this excerpt Eli expressed the need to allow more time than previously needed 
when students filled in worksheets, however this has brought depth in understanding 
and reasoning. This was also a key factor established in the X chart – that thinking 
time and discussion times are necessary components of a reasoning classroom. He 
expressed the real value he saw in the students covering the curriculum with an 
emphasis on reasoning, to the point where he challenged himself to go back and 
analyse the curriculum to ensure time to do more and give students time to construct 
their knowledge and understanding to the point that they can prove, justify and 
reason. Eli identified that the treatment of content in the past was generally 
superficial as the pace of teaching took precedence over the time needed by 
individual students to understand and reason (Ewing, 2011). 
A further consequence for the developing teachers in this project was the 
opportunity for them personally to become constructivist learners through the action 
research process. As Henry shared in the final survey:  
I believe I was moving in this direction, and being part of this process has 
allowed me to discuss how I could further this in my planning and teaching. 
I have to now consider how to assess whether the students have achieved this 
deeper learning, and understanding of their own metacognitive practices, 
which I think will lead to many more discussions and changes in my own 
and others’ pedagogical practices in the future. (Final Survey, Henry, 
Teacher) 
This excerpt depicts how Henry became part of an active social process in which he 
constructed new ideas and concepts based upon his past knowledge and willingness 
which he shared by saying “I was moving in this direction”. Henry in saying, “I think 
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[this] will lead to many more discussions and changes in my own and others’ 
pedagogical practices in the future” evidenced that he personally had become a 
constructivist learner through the action research process. It also depicts the need for 
ongoing discussions and sharing of pedagogical practices for ongoing change and 
improvement. In planning the unit of work, allowing for student thinking was 
highlighted as a necessary expectation and the resources required to implement the 
plans were of critical importance. 
The Year 4 team had planned to teach multiplication from the content strand. 
On reflection however, they realised the need to change this unit to reflect the 
elements in the X chart and to give students opportunities to reason. From the outset 
the teachers started by finding out what the students knew already about 
multiplication and what they could do, rather than trying to teach them from what 
they believed they needed to be taught. Students were asked to write or show all they 
knew about multiplication and then they were given a number and asked to show as 
many ways as possible to use this number in multiplication. Students were asked to 
reply to “What do we know about multiplication?”. The following five answers, 
written in students’ journals, are representative of the variety of answers. 
 I think multiplication is the ‘timesing’ of numbers using an ‘x’ as the 
symbol. 
 I think multiplication is like kind of related to x’s facts like for 
example 3x2=6 or 2x3=6 both can be multiplication as long as there 
is well there always have to be a multiplication sign in between the 
numbers like this 3603x800=. 
 I think multiplication is all about using timetables and trying to use 
addition or division as a strategy. 
 I think multiplication is a way of doing ‘sum more hard’, so it could 
make it easier when you are older. You are better when you are 
older, so then you can have a big company or job. You could ever 
have it for everyday life in shops just check if your money is right. 
 I think multiplication is an easy way to add bigger numbers. 
Students’ zone of proximal development was identified; that is, they 
demonstrated some knowledge of the symbols related to multiplication, to times 
tables, a way to add bigger numbers and something that has relevance to everyday 
life. This zone shifted with the developing understanding that multiplication involved 
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equal groups. This aspect was a common missing element. This process developed 
an understanding of the students’ prior knowledge and then this information was 
used to design tasks that appropriately challenged students and multiple resources 
were explored and identified to explore multiplication. 
Resourcing 
Arrays were explored to develop the big idea around multiplication and 
develop students’ ability to use equal groups as a composite unit; for example, 
students needed to view three items as “one three” in order to be a countable unit. 
The researcher also being a trained teacher-librarian suggested using maths big books 
as a resource (see Figure 5.3) which really helped some students to understand arrays 
better as Eli stated, 
There was one specifically the big band bug page the way it was set out, 
there was a bit of rhyme thing going on as well, umm the visual picture of it. 
I can recall umm a real light bulb thing from the look on, the body language 
thing gives a lot away, the look on a lot of faces when the one about lady 
bugs and it was forming a square. There were 16 lady bugs 4 rows of 4, 
perfect square whatever the rhyme was. Faces lit up and they said “Hey it 
makes a square we have talked about that square numbers and it makes a 
square”. “Ding” that is exactly what we were talking about. It was a 
connection there that made a big impact. Talking about it to the cows come 
home or doing examples didn’t work but a visual in a different context, was 
huge. (Interview, Eli, Teacher) 
Figure 5.3. Maths big book.  (“The Big Bug Band,” by J. Burnett and C. Irons, 2012, 
Origo Education). 
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Eli expressed the excitement of a “light bulb” moment when students adapted 
the known to unknown through the visual representation of square numbers in the big 
book. This visual developed understanding between the how and the why of using 
arrays to understand that 4×4 as an array makes a perfect square. Once they saw a 
representation they understood from the visual image that it made a square in an 
array. 
 
 
Figure 5.4. Using materials and journal recording. 
The images in Figure 5.4 depict students using materials to represent, explore 
and explain their thinking about equal groups and then recording their 
understandings in their journals. Brooks and Brooks’ (1993) second strategy of 
constructive principles was further reflected in manipulative and interactive physical 
materials being used by students, using Unifix blocks, to visualise and prove 
multiplication and splitting arrays. As the X chart has, “What the classroom looks 
like”, visual images are present in this thesis so that readers don’t need to form 
images from words but can form their visual images on actual images knowing that 
“popular wisdom tells us that a picture is worth a thousand words” (Baetens & 
Bleyen, 2010). Hands-on resources became more common and played a significant 
role, especially when students were challenged to prove their thinking. 
The teachers also allowed students’ responses to drive lessons, shift 
instructional strategies and alter the content, as Emma shared in a journal entry: 
After discussing some methods, resources and activities for multiplication, 
the year 4 lower group took a side step from our planned programme to 
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focus on the basic principles of multiplication that were discussed in those 
meetings (PD and reflection chats). A lesson on understanding arrays and 
using unifix cubes to show patterns and groups proved to be very beneficial 
and enriching for the students. They were able to physically demonstrate 
their understanding and then record evidence of it in their grid books. 
(Journal entry, Emma, Teacher) 
In this excerpt Emma confirmed the actioning of the strategy by Brooks and Brooks 
(1993, p. 105), “constructivist teachers allow student responses to drive lessons, shift 
instructional strategies, and alter content”, by stating the need to take a side step to 
focus on teaching using materials. Emma affirms the literature that emphasises that 
central to building understanding, necessary for reasoning, connections need to be 
made between mental representations and particular mathematical concepts, which 
must be represented in some way, including verbal, images, symbols and materials. 
The teachers challenged students when learning about multiplication to show 
various numbers in as many different even groups as possible with the need for more 
than one answer. The classrooms modelled fostering reasoning through the 
mainstream content requiring a teaching stance where problems with possibilities of 
student decision making and choice were posed for the students to explore. The 
lessons and the classrooms were structured to facilitate communication both while 
students were working on the task and then during whole class discussion reviewing 
the task, with an expectation that errors are learning opportunities and diversity of 
approaches are valued (Sullivan, 2012). Students were explaining their methods to 
the class; no longer was it just the teacher explaining one way but students were 
sharing a variety of strategies and comparing, contrasting and evaluating the most 
efficient ways to work out problems. 
The pedagogical practices and strategies used in this unit of study relied on 
using the zone of proximal development, inquiry, questioning, discussion, planning 
from reasoning to the content – multiplication, showing various solutions and 
possibilities, using errors as learning opportunities and the use of materials to explore 
and display understanding and reasoning. Further affirming the literature that 
emphasises that central to building understanding, necessary for reasoning, 
connections need to be made between mental representations and particular 
mathematical concepts, which must be represented in some way, including verbal, 
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images, symbols and materials. What follows in the next section is a discussion and 
analysis of two major strategies identified, questioning and journaling. 
Strategies 
There were two major strategies that emerged from the data: (a) questioning 
and (b) journaling. These strategies were identified as a critical part of teaching 
practice in mathematics classrooms in the school. The following sections address 
these aspects more fully, commencing with questioning. 
Questioning 
The role of questioning by the teacher as a strategy for teaching and learning 
requires students to analyse, prove, evaluate, explain, infer, justify and generalise. 
These processes were highlighted in the PD discussion sessions and added to the X 
chart by the written comment “less telling more questioning”. As a consequence of 
participant discussions, questioning rather than telling was explored further using the 
support material from “The five principles for effective questioning” (Primas, 2010), 
“Socratic questions and techniques” (see Appendix A) and the “Leading Learning; 
Making the Australian Curriculum work for us” website produced by the 
Government of South Australia, Department for Education and Child Development 
(http://www.learningtolearn.sa.edu.au/tfel/pages/tfelresources/leadinglearning/?reFla
g=1). Through the process of working with this material more comments emerged 
that related to how questioning led students to reasoning, as Emma indicated: 
In reasoning I would be thinking of asking those why and what questions, 
how questions especially the questions on The five principals for effective 
questions. Definitely honing in on questioning a lot, a lot more than we use 
to. (Interview, Emma, Teacher) 
In this excerpt, Emma identifies the critical elements when teaching students 
mathematics and that through questioning they are focusing on the what, how and 
why of mathematics – not just the what. This finding supports that of Boaler (1997) 
and Cobb and Bowers (1999) who emphasise that so much of what is learned cannot 
be separated from how it is learned and questioning plays a critical role in this 
process. This research found the significance of the role that teachers play cannot be 
underestimated if they are to improve their students’ dispositions towards 
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mathematics. When asked, Chloe, a teacher participant, reinforced Emma’s comment 
further and emphasised the role of questioning when teaching mathematics: 
So the questioning has been big and I have worked a lot with certain students 
doing lots of group work, sitting and questioning them to draw out, whether 
it is on paper or materials, they have a go and get things. Definitely the 
questioning I think that has been really a key component for me. (Interview, 
Chloe, Teacher) 
Chloe’s comment demonstrates the significance of questioning and is 
reinforced by the use of the terms “big”, “a lot”, “doing lots”, “definitely” and “really 
a key component for me”. Each of these words worked to explain her realisation of 
the importance of questioning in her mathematics teaching. They also work to 
reinforce the critical role that the PD sessions provided, that is, opportunity for 
teachers to critically reflect on their practice. 
Asking questions rather than telling became a key component of the PD 
sessions and also their practice in the classroom and worked to transform the 
participants’ learning as evidenced in these excerpts. In the classroom observations, 
questioning was identified and included such elements as setting expectations about 
the students’ thinking, acting in positive ways and reasoning with intention of 
increasing their dispositions towards mathematics. As discussed in Chapter 2, it is 
through questioning that mathematics is problematised. That is, understanding and 
reasoning enable access to alternative views of the same problem and the potential to 
link to other areas of mathematics (Barmby et al., 2009). The use of questioning by 
the teachers enabled them to trigger within the students, their innate curiosity about 
the mathematics and how and why strategies work. Students were found to not 
reinvent the wheel but, rather, challenge themselves to attempt to understand how 
and why a strategy works. 
In one PD session, Emma shared that she had been challenged by a quote – 
“Kids can’t learn how to think if we keep telling them what to think. The most 
important thing we can do is ask really hard questions and then step back” (Kennedy, 
2013). Accordingly the Year 4 teachers, Eli and Emma, challenged students by 
asking them some hard multiplication questions and then answered the students’ 
questions with further questions to get them thinking, such as: 
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How many arrays can you make for 24? Meg says that 14×17 will have the 
same answer as 15×16. Why do you think that Meg has made this 
connection? Do you agree/or disagree? Prove it. (Classroom lesson 
observation, Eli & Emma, Year 4 Teachers) 
Emma commented on the result of carrying this through, 
Now that meant a lot, the more we hone in on the hard question bit, which 
gets their reasoning and thinking going and the communication in the class 
and the collaboration. (Interview, Emma, Teacher) 
The expectation that students construct their own mathematics with their own 
interpretations and explanations leads to a further legitimate expectation about 
classroom communication, that is, the students being rightly expected to be able to 
explain and justify their mathematical ideas and interpretations. In Chapter 2, the 
significance of adopting sound communicative practices was brought to the fore, 
with Sullivan (2012) asserting that such practices enhance communication further, 
encourage mutual responsibility and the capacity to work and report in small groups 
when solving maths problems. Using such communicative practices in this research 
provided opportunities for the students’ explanations to be central to the 
communication process, and for the interaction to concentrate on what students were 
saying, how they were saying it and why. Students were afforded opportunities to 
think and reason, and to listen to the justifications and conjectures from other 
students. A great deal of discussion occurred not only within the individual groups, 
but students also shared ideas and knowledge with their whole class. 
Students were encouraged to reflect on their experiences through careful 
questioning by the teacher, through more discussion and by inviting the students to 
record their experiences in their maths journals. Figure 5.5 below is an example of a 
student’s recording in their maths journal after discussion, exploration and 
manipulating materials to show different ways to represent 32. The most difficult 
task was for students to put 4×8=32 into a word problem, which this student has 
shown this process needs further development. 
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Figure 5.5. Student journal example. 
In this example the student demonstrates a variety of ways to show 32 using a 
variety of procedures including addition, multiplication and division, used two 
different representations of arrays and linked the fact that 4×8=8×4 depicting this 
with the word “or”. Multiple additions are also shown, represented by numbers and 
linked to multiplication as equal groups. This task gave students the opportunity to 
articulate and demonstrate connections between representations which Barmby et al. 
(2009) describes as the process of reasoning. Of particular interest is how the student 
wrote the word problem as a division problem, despite the fact 24 was used instead 
of 32. When students shared their journaling, often in pairs, the researcher observed 
students asking other students “why did you do that?” “does that work?”. 
A dilemma for all the teachers was the extra time needed when questioning 
rather than telling was the adopted strategy for the lessons. Eli commented that 
It all does take a lot of time to work through if you do it meaningfully, so 
less curriculum content is covered. But if that is flexible and the focus is on 
students being able to confidently understanding things, reason, etc... then 
that is more important surely than making sure you have covered all the 
content areas. (Interview notes, Eli, Teacher) 
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In this excerpt Eli identifies the dilemma that has been brought about from changing 
from a content-driven pedagogy to a reasoning and deep understanding, proficiency-
driven pedagogy. As Ewing (2011) found in teaching to content, the content is 
generally superficial as the pace to cover all content takes precedence over the time 
needed by individual students to master information. Eli commented further about 
this dilemma of the content driving the teaching and learning in his interview stating: 
I see that the proficiencies seem to have much more realism to them, so often 
planning can seem like for compliance, it hasn’t necessarily got much to do 
with the needs of the students especially the individuals or their challenges, 
the spectrum of needs. Some have learning difficulties or needs where they 
need real basic ideas to get that understanding and others that are flying and 
have other needs of extension. I found the proficiencies cater for that a lot 
more, whereas, content by the end of year whatever students should be able 
to do this this and this and you’ve got to cover this content and this content. 
Reasoning seems to have much more an individual meaning for each student 
at their own development level, they are staggered, they can demonstrate. 
(Interview, Eli, Teacher)  
Eli captured the importance of reasoning driving the curriculum by stating, more 
realism and much more individual meaning for all students. 
Students were encouraged to reflect on their experiences through careful 
questioning by the teacher, through more discussion and by inviting the students to 
record their experiences in their maths journals. The consequence of questioning and 
interaction was identified in a statement in the final anonymous teacher survey 
results, “deeper thinking and reasoning is happening”. This comment reinforces the 
work of Cobb, Yackel, and Wood (1995) who state that classrooms in which students 
talk about their personally constructed meanings have discussions that reveal higher 
levels of reasoning and the capacity to apply these levels through problem solving 
contexts gives opportunities for students to work as mathematicians, developing 
deeper thinking and reasoning. 
Journaling 
Data from the X chart and PD sessions highlighted that thinking by all students 
was an expectation. With thinking and reasoning as the emphasis the Year 4 teachers, 
Eli and Emma, planned a unit, using more of an inquiring model and multiplication 
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as the key topic from the content strand. The teachers allowed for time and placed 
greater emphasis on students talking about their thinking and learning of 
multiplication and began using journaling to record their thinking in as many ways as 
possible. 
The tasks, discussion and journaling often revealed an unintended consequence 
being gaps in student understanding and thinking; particularly for those students who 
had often done well with the more rote and traditional style of teaching and learning 
where they just needed to model the teacher’s steps when knowledge was presented, 
drilled, memorised, and worked through exercises from textbooks or worksheets. The 
Figure 5.5 journal example revealed a gap which was common in Emma’s top maths 
class, that of being able to answer word multiplication problems but not to be able to 
write them effectively. This revealed a shallow understanding.  
As thinking, analysing, proving, evaluating, explaining, inferring, justifying 
and generalising were built into the unit, students could no longer “bluff” their way 
through; they needed to prove their thinking. Emma stated, 
But it was interesting in that 2 or 3 children, I take the top maths group; they 
still looked at me and didn’t know what is an array? I answered by asking if 
anyone wanted to explain? And somebody said [say] an array is blah blah 
blah. You can’t assume they have got it. (Interview, Emma, Teacher) 
In this excerpt Emma has highlighted the importance of discussing 
mathematics ideas with students to gain insights into their thinking. Although the 
question was directed back to the students, with one student stating “blah, blah, blah” 
their lack of understanding of an array was demonstrated. Without the use of 
discussion, interaction and journaling, teachers were less likely to find out about the 
thinking of their students. Teachers can have great control over what they teach, but 
far less control over what students learn, as the journaling, discussion and interaction 
confirmed. This point was further emphasised by Eli. 
Journaling has definitely been the biggest impact on me. It has helped the 
students look back on key moments of their development and their growth 
and doing it the way they are doing it, they have been able to see when they 
understood something. An entry might be, today I understood what this 
meant, a penny dropped, a light bulb turned on for me which I never 
understood before but something we just did triggered it. But for all of us we 
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can think when that happened, that “ahhh” moment and what activity 
prompted that. (Interview, Eli, Teacher) 
Eli emphasised the key role of journals in students developing thinking processes 
with using words like “definitely” and “biggest impact”. The journals gave students 
thinking opportunities and an opportunity to record their new understanding and 
reasoning. This gave students opportunities to gain knowledge from organising and 
reorganising their thinking and data as Piaget observed and documented in Chapter 2.  
And also it is written evidence of their reminders not of only when they got 
something, but when they didn’t – today we worked on this and I still am 
struggling with this. But as they move on the next entry is I saw a way of 
getting around this, they are documenting the problems but also how they are 
overcoming them. (Interview, Eli, Teacher) 
The journals also provided a tool for students to reflect on their thinking and 
became an ongoing tool that they could build upon. They built and encouraged 
student autonomy and initiative which Brooks and Brooks (1993) suggest is an 
important strategy.  
Yep and that practice kind of reinforced the notion of it’s another tool as 
well to refer to and all the other things to refer to that some that forget.... 
They need to get into the routine of doing it and this kind of reinforcing how 
important that is. But it is a tool that is not just a sheet here; it is an organised 
structured practice. (Interview, Eli, Teacher) 
Journaling became a source for students to put their thinking into another 
format. Journaling gave teachers opportunities to seek elaboration of students’ initial 
responses (Brooks & Brooks, 1993). 
Yes it is everything you just said but one more as well, when somebody does 
understand something and they are able to show you they are able to tell you 
sometimes but that is where it gets tricky for them they can do it. They get it 
but they can’t articulate to you or verbalise how and why so now they are 
documenting that they are learning to articulate that on paper and it is 
helping the practice of being able to verbalise what I understand and how I 
understand it rather than I can’t tell you I can’t put it into words but I can 
show you. It’s great. (Interview, Eli, Teacher) 
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Eli expressed how journaling became a strategy for students to record their thinking 
and breakthroughs in understanding and prove their reasoning; students were asked 
to justify their thinking by sharing with others and verify their journal account. The 
journals gave students the opportunity to display the construction of their thinking. 
As Piaget (1953) observed, children gained knowledge from organising and 
reorganising data. Figure 5.6 shows a student’s recording in her journal, and some of 
the process of reasoning through her thinking and understanding when given the 
problem – Meg says that 14×17 will have the same answer as 15×16. Why do you 
think that Meg has made this connection? Do you agree/or disagree? Prove it. 
In the following student journal page, the student as a thinker is revealed 
through the scribbling displaying disequilibrium, uncomfortableness at having to 
adjust his thinking (schema) to resolve conflict and become more comfortable 
(Powell, 2006). 
 
Figure 5.6. Student journal page.  
The student displayed an attribute listed on the X chart, adapting the known to 
the unknown. Firstly the student has used his knowledge of addition rules, 
assimilating that because 14+17=15+16 therefore 14×17 should equal 15×16. 
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To accommodate his thinking he has tried to prove it, moving into a state of 
disequilibrium until he restores balance by adding new knowledge that this rule 
he learnt in addition doesn’t apply to multiplication. This is the student’s new 
schema which was acquired through the process of assimilation. This student 
has demonstrated Piaget’s theory of equilibrium, assimilation and 
accommodation which works to explain how children work to construct new 
knowledge (Piaget, 1953). This student displayed his engagement initially 
applying his existing knowledge and real-world experience, hypothesised, 
tested his theory, and made conjectures and then drew a conclusion and in 
doing so he constructed new knowledge for himself. This task followed 
Kilpatrick et al. (2001) suggestion to adapt tasks to promote conjecturing and 
generalising asking students to answer the questions, “Do you think this will 
always be true?” “When do you think this will be true?” and “Are there times 
when this won’t be true?” (p. 29) 
To build on students’ thinking, this was followed up with a PowerPoint about 
reinforcing the reasoning behind arrays, along with reading The Big Bug Band big 
book (see Figure 5.3) which helped students clarify some language, structure, 
translating words into maths number sentences and consolidated other aspects 
discussed such as square numbers. A similar problem to the original problem was 
then given, for which students chose to use arrays to prove their answer this time, as 
seen in the image below. The original problem was 14×17 is the same as 15×16 and 
was changed to 11×5 is the same as 10×6, prove it. This took long multiplication out 
of the equation and was easier to make and compare the arrays. 
 
Figure 5.7. Proof that 10×6 is not the same as 11×5. 
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Figure 5.7 displays visual representation using materials which students used to 
prove their thinking and understanding using arrays. The use of materials is a 
strategy within twelve suggested strategies that Brooks and Brooks (1993) suggest 
defines a constructivist teacher. 
 
Figure 5.8. Splitting arrays. 
To scaffold students’ thinking, splitting arrays was then introduced to students’ 
schema. After discussions that the addition strategy didn’t apply to multiplication, a 
PowerPoint shown in Figure 5.8 above was used for the process of accommodation 
of their addition assimilation, restoring balance and providing the students with a 
new process and strategy to assimilate into their thinking. Students were challenged 
as demonstrated in the PowerPoint above to consider a variety of ways to split the 
array to build number flexibility. Students were also observed developing visual 
pictures of larger amounts multiplied and mental strategies for doing long 
multiplication as they explored using this strategy with arrays. This enabled the 
students to re-explore the original problem (of 14×17 being the same as 15×16) 
without doing long multiplication. Figure 5.9 displays a student’s recording of the 
problem by splitting the arrays. 
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Figure 5.9. Student journal entry splitting arrays. 
The student used multiplying by ten knowledge to do the greatest proportion of the 
multiplication and then further broke down the array once again using the ten 
multiplication leaving only 7×4 and 6×5 to be calculated. This example displays how 
this student who hadn’t been exposed to long multiplication could identify a strategy 
and visually represent the strategy to expose reasoning. 
The Year 4 teachers, Eli and Emma, planned the unit with the emphasis on 
reasoning, using a constructivist model encompassing the twelve suggested strategies 
that Brooks and Brooks (1993) proposed and multiplication as the key component 
from the content strand along with opportunities for attributes of the X chart. They 
aimed to give students continuous opportunities and expectations to analyse, prove, 
evaluate, infer, justify, generalise and explain their thinking. They allowed student 
responses to drive lessons, shift instructional strategies, and alter content because 
they observed their thinking, their struggles and their misconceptions. The students 
relied on reasoning, rather than memorized facts or the solutions of others, to 
convince themselves and others of what made sense. The teachers shared constantly 
with the researcher their observations and how to set tasks and scaffold the students’ 
learning to allow for reasoning and understanding and as Back and Pumfrey (2005) 
assert that “classrooms in which teachers encourage pupils to participate in 
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mathematical reasoning and argument are more likely to be successful in helping 
children to be enthusiastic mathematicians” (para. 3). 
Thinking became a skill everyone needed to participate in as students were no 
longer just consumers but all were constructing their knowledge and understanding, 
analysing, proving, explaining, evaluating, inferring, justifying, generalising, 
debating and discussing and then journaling. The next section discusses how thinking 
has developed a more productive disposition towards mathematics.  
Teacher and Student Dispositions 
The changes that teachers made in their pedagogy directly related to change in 
disposition, as teachers began to fit together their teaching practices to make sense of 
mathematics for their students, enabling student thinking and reasoning. As Maher, 
Yankelewitz, and Mueller (2011) hypothesised that positive attitudes towards 
mathematics lead to student reasoning and, thus, mathematical understanding, 
therefore, the researcher hypothesises that changes in pedagogy to develop reasoning 
lead to enhancement of both teacher and student disposition as greater understanding 
and sense was gained. No longer were teachers just analysing student thinking and 
reasoning from right or wrong answers they began to use student discussions, journal 
recordings and observations of material use (array making) to analyse what was 
going on in their classrooms using the X chart as a reminder of the necessary 
attributes.  
Studies show that teacher support and classroom environments play a crucial 
role in the development of another source of intrinsic motivation, namely, positive 
(or negative) dispositions toward mathematics (Bransford, Hasselbring, Barron, 
Kulewicz, Littlefield, & Goin, 1988; Cobb, Wood, Yackel, & Perlwitz, 1992; 
Middleton, 1995; Middleton & Spanias, 1999). Students were given opportunities to 
reason and understand, to be driven by their own pursuit of knowledge, reasoning 
and understanding (Middleton & Spanias, 1999) developing positive dispositions. As 
students reasoned about a problem, they built their understandings, carried out the 
needed computations, applied their knowledge, explained their reasoning to others, 
and came to see mathematics as sensible and doable. Students were observed 
engaging in tasks due to a sense of accomplishment and enjoyment (Middleton, 
1995). Maher, Yankelewitz, and Mueller, (2011) in their research found the factors 
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that contribute to students’ motivation to participate in mathematics and their 
dispositions towards mathematics include classroom environment, teacher 
questioning that evokes meaningful support of conjectures, and well-designed tasks. 
Together, these factors positively influence the establishment of favourable 
dispositions towards learning mathematics. In their quest to make sense of 
appropriately challenging tasks, students enjoy the pursuit of meaning and thereby 
become intrinsically motivated to engage in mathematics (p.35). In this research 
study teacher questioning has been forefronted and well-designed tasks like – Meg 
says that 14×17 will have the same answer as 15×16. Why do you think that Meg 
has made this connection? Do you agree/or disagree? Prove it. – have therefore 
enhanced disposition and developed the students’ habitual inclination to see 
mathematics as sensible, useful, worthwhile, coupled with a belief in diligence and 
one’s own efficacy.  
Research and observations in this study, shows that when students are 
intrinsically motivated to learn mathematics, they spend more time on-task, tend to 
be more persistent, and are confident in using different, or more challenging, 
strategies to solve mathematical problems (Lepper, 1988; Lepper & Henderlong, 
2000). Intrinsic motivation, therefore, is correlated with self-efficacy and positive 
dispositions towards a conceptual understanding of mathematics, whereas extrinsic 
motivation results in merely a superficial grasp of the information presented (Maher, 
Yankelewitz, & Mueller, 2010). 
With “disposition referring not simply to attributes but to a tendency to think 
and act in positive ways” (NCTM 2009, p. 233) and developing a productive 
disposition requiring frequent opportunities to make sense of mathematics, to 
recognise the benefits of perseverance, and to experience the rewards of sense 
making in mathematics (Donovan & Bransford, 2005) teachers can gain an 
awareness students’ mathematics disposition through gathering information and 
paying attention to students’(a) perceptions of their mathematics ability and the ways 
these perceptions influence their mathematics performance, (b) perceptions of the 
importance of mathematics inside and beyond their current experiences in the 
mathematics classroom, (c) perceptions of the engagement in and exposure to 
particular forms of mathematical activity and the ways these engagements influence 
students seeing themselves as mathematics learners, and (d) motivations to perform 
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at a high level and attributions to their success or failure in mathematical contexts. 
As students’ mathematics disposition and identity constructs are emerging as 
important contributors to students’ engagement and performance in mathematical 
contexts, it may prove useful to gauge teachers’ awareness of students’ mathematical 
dispositions and attempt to get a sense of relevant influences on such awareness. 
(Clark al., 2014, p. 251). This research therefore offers interpretations of student 
disposition as perceived by their teachers.  
Participating teachers were asked by the researcher, after emphasising the 
proficiency of reasoning in their classrooms, if they had observed any increases in or 
changes in disposition towards mathematics in students. 
Mostly umm you definitely see the shift in the thought process in some 
students and their acknowledging and being able to articulate but not 
necessarily realising that is what they are doing. They were able to 
understand something, reasons for something, and they tell you what they 
have done and how they have done it. And maybe writing it down really well 
but not realising they are actually showing their reasoning. (Interview, Eli, 
Teacher) 
Eli confirmed a shift in thought processes of the students to being able to articulate 
their thinking, which links to a productive disposition, especially when he expressed 
that this was happening without the students necessarily realising. Students were 
making sense of mathematics by displaying their understanding, their reasoning, and 
adding the how explanation to the what. Students were capturing their reasoning 
without even realising due to the classroom practices set up in this unit. Such positive 
observations by the teacher link with the work of Kilpatrick et al. (2001) who assert 
that in order to develop productive dispositions, frequent opportunities to make sense 
of mathematics and to experience the rewards of sense making in mathematics is 
required.  
I think I could see a little more confidence, they like maths and they like 
coming here, they get excited and I could see a bit more of a challenge in 
them and just excited to do things. (Interview, Chloe, Teacher) 
In this excerpt the teacher’s perceptions expressed that students were more 
confident through twice using the word “excited”, emphasising that such excitement 
led to a positive productive disposition around the challenge, recognising the benefits 
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of perseverance, and the rewards that sense making brings in mathematics. Such 
positive observations by the teacher link with the work of Domino (2009) who 
asserts that the indicators of productive student dispositions are confidence, 
perseverance and interest in mathematics. 
In several teacher interviews, the development of student thinking and 
reasoning was identified as encouraging students to engage in inquiring and 
questioning their approaches to solving mathematics tasks. In the constructivist 
classroom, students are considered thinking or “cognitive apprentices” who apply 
their existing theories about solving mathematical problems and learn to hypothesise 
and test their theories along with those of the teacher to draw conclusions (Resnick & 
Omanson, 1987). Thus, students are transformed from passive recipients of 
information to active participants in the learning process, as was noted in the 
following excerpt from Emma: 
Well I looked at that and I thought about it quite a bit and I thought that any 
teaching that one can channel children’s minds towards thinking deeper, that 
is the opportunity we are aiming for in the four strands then we would 
channel their thinking into maths lessons and realise they are on a journey 
doing that. In reasoning I would be thinking of asking those why and what 
questions, how questions especially the questions on The five principles for 
effective questions. Definitely honing in on questioning a lot. A lot more 
than we used to.… Yes, and I find it very useful to use these questions but 
you have to gauge it not overkill it. Yesterday when we were working on 
multiplication and an algorithm way and a way across, I call it a rainbow 
way, we discussed why we use different methods and how was it useful and 
what was the best method, why, which one did you think was quickest for 
you and we discussed this. (Interview, Emma, Teacher) 
In this excerpt Emma affirms and emphasises the importance of teachers 
encouraging students to think in more constructive ways by providing questions that 
focus on the “how” to solve mathematics problems rather than just the “what” which 
reinforces a procedural approach that focuses on content only (Kalantzis, 2006; 
Resnick & Omanson, 1987). In doing so, she also identified the significance of 
discussing “why we use different methods and how was it useful and what the best 
method was”. This information provides some weight to the point in Chapter 3 that, 
while a constructivist approach was supportive of student learning and their 
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dispositions towards mathematics, it requires the teacher to ask higher-order 
questions and provide challenging tasks that keep students at the cutting edge of their 
learning – requiring them to think and discuss their mathematical ideas. This 
approach was also identified in the literature, particularly by Barmby et al. (2009) 
stating the need to draw out children’s reasoning and developing the reasoning they 
use being integral to developing understanding in mathematics. 
The NCTM Standards Evaluation: Standard 10 proposes the following criteria 
for judgement of students’ mathematical disposition through seeking information 
about student confidence:  
 confidence in using mathematics to solve problems, to communicate ideas, 
and to reason;  
I think I could see a little more confidence, they like maths and they like 
coming here, they get excited and I could see a bit more of a challenge in 
them and just excited to do things. (Interview, Chloe, Teacher) 
 flexibility in exploring mathematical ideas and trying alternative methods 
in solving problems;  
 
During the multiplication unit students were explaining their methods to the class; no 
longer was it just the teacher explaining one way but students were sharing a variety 
of strategies and comparing, contrasting and evaluating the most efficient ways to 
work out problems. 
 willingness to persevere in mathematical tasks;  
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This is one example of a student persevering through a task and this became more the 
norm as reasons and thinking was expected as much as answers.  
 interest, curiosity, and inventiveness in doing mathematics;  
As different methods and ways to do the same task were explored interest, curiosity 
and inventiveness grew as represented in this journal page: 
 
 inclination to monitor and reflect on their own thinking and performance;  
 
This student concluded “I think I am wrong!” after reflecting on her calculations and 
thinking; this is one example of the reflective thinking that grew throughout this 
research project.  
 valuing of the application of mathematics to situations arising in other 
disciplines and everyday experiences;  
Not explored in this research. 
 appreciation of the role of mathematics in our culture and its value as a 
tool and as a language. (NCTM, 1989, p. 1)  
Not explored in this research. 
In this principles and standards paper it is stated that this information is best 
collected through informal observations as students participate in class discussions, 
attempts to solve problems, and work on various assignments individually or in 
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groups and such assessment procedures as attitude questionnaires fail to capture the 
full range of perceptions and beliefs that underlie students' dispositions. Further they 
state: 
Although observation is the most obvious way of obtaining such 
information, students' written work, such as extended projects, homework 
assignments, and journals, as well as their oral presentations, offer valuable 
information about their mathematical dispositions. (NCTM, 1989, p. 3) 
In summary, changing pedagogy to highlight reasoning to drive the content has 
led to enhanced positive dispositions as students relied on reasoning, rather than 
memorized facts or the solutions of others, to convince themselves and others of 
what made sense. This reasoning led developed the students’ habitual inclination to 
see mathematics as sensible, useful, and worthwhile, coupled with a belief in 
diligence and one’s own efficacy. 
Conclusion 
This chapter has examined pedagogical practices deemed suitable for 
implementation and maintenance of the proficiency strands, in particular reasoning, 
and has described an approach motivated by principles found in the constructivist 
epistemology to provide the learner with skills to understand, problem solve and 
reason in mathematics to build deep understanding and fluency, not just learn 
procedural fluency. This research demonstrates that mathematics is best learnt by 
becoming a practitioner, not merely by learning about the practice. Students need to 
be engaged in challenging problems, construct their thinking and learning, develop 
deep understanding, and debate and reason their thinking. Students need to be 
analysing, proving, evaluating, inferring, justifying, generalising and explaining their 
thinking. Teachers need to do less telling and more questioning, to enable learning by 
discovering rather than being told, for students to do more of the work and talk than 
the teacher. This research has drawn attention to what is beginning to happen in the 
hope that it will foster sustainable change across mathematics teaching and learning 
to achieve deep learning and understanding to enable reasoning in mathematics.  
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Chapter 6:  Conclusions and Recommendations 
The overall aim of this study was twofold. First it aimed to investigate the 
proficiency strands, in particular reasoning. Second, it sought to explore how this 
strand was implemented into teachers’ pedagogy practices in classrooms in one 
Independent school in Queensland and in doing so identify the practices that 
enhanced students’ dispositions towards mathematics.  
The problem addressed in this study had its origin from a relatively new area in 
the Australian Curriculum: Mathematics (ACARA, 2010), the proficiency strands, in 
which teachers at the researcher’s school were challenged to report on. The teachers 
said they could not report on these new strands as they did not have enough 
knowledge and understanding and were not explicitly planning or teaching to the 
proficiency strands. This concern set the foundation for the study’s focus on 
reasoning and was guided by the following research questions:  
1. What pedagogical practices are deemed suitable for implementation and 
maintenance of the strand reasoning?  
2. To what extent are students’ productive mathematical dispositions, as 
perceived by teachers, enhanced with the inclusion of reasoning and 
suitable pedagogical practices?  
3. What implications can be drawn about pedagogical practices, student 
dispositions and the inclusion of reasoning? 
Chapter 1 argued for the significance of these questions and the value of the 
study that has responded to them. Chapter 2 reviewed the research evidence, claims 
and counter claims and arguments around the proficiency strands, pedagogical 
practice and student dispositions in mathematics. In doing so, it identified that the 
research questions and the issues that they revealed had not been sufficiently 
addressed in studies that focused on the teaching and learning of the proficiency 
strands and the processes that inhibited or enhanced this process. Hence, rather than 
seeking to resolve these issues, it presented the range of positions advanced by the 
literature in terms of the experiences reported by the participants in this study. The 
gap identified in the literature could be resolved by a more comprehensive 
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framework for addressing the proficiencies, namely reasoning, and teachers’ 
pedagogical practices that influence or otherwise students’ dispositions. Chapter 3 
proposed a theoretical framework that was suited to the task, whilst Chapter 4 
presented the research design, the context and method of the study. The analysis and 
discussion in Chapter 5 addressed the second research question and related issues. In 
this final chapter, Chapter 6, the research questions are reviewed, and in doing so the 
final question is addressed in terms of the contribution of the study: What 
conclusions can be drawn about pedagogical practices, student dispositions and the 
inclusion of reasoning? The limitations of the study are assessed, with the chapter 
concluding with recommendations and suggested areas for future study. 
The question, What implications can be drawn about pedagogical practices, 
student dispositions and the inclusion of reasoning?, will form the basis for this 
concluding chapter as it brings together why and how the proficiencies, in particular 
reasoning, are critical in giving the power to the content strands.  
Summary of Major Findings 
Six strategies that enhanced students’ dispositions towards mathematics during 
the teaching and learning of mathematics were identified in the data gathered. These 
strategies included: (a) questioning, (b) journaling, (c) discussion, (d) problem 
solving inquiry, (e) planning, and (f) material usage. The strategies differed in their 
use as identified in the participants’ accounts. These findings are now briefly 
discussed before responding to the research questions one and two and discussing the 
contribution of the theoretical and methodological frameworks of the study. 
 Questioning was identified as a significant contributor to how reasoning 
was taught and learned in mathematics classrooms. Inquiry questioning, 
like the “Five principles for effective questioning” from Primas (2010) 
empowered teachers to scaffold students to search for understanding, 
encouraging thinking and reasoning. Questioning needs to be considered 
as an effective pedagogical strategy, which moves past just extracting 
correct answers, to freer discussions around understanding, reasoning, 
representations, methods and strategies, using Socratic questioning (Elder 
& Paul, 1998). 
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 Journaling was identified as an excellent strategy for students to record 
and display their understanding and reasoning around concepts being 
taught and learnt as displayed in Chapter 5.  
 Discussion was identified as critical to contributing to students’ 
dispositions towards mathematics. Through discussion students learn about 
learning not only from themselves, but also from their peers. As students 
review and reflect on their learning processes together, they pick up 
strategies and methods from one another.  
 Problem solving inquiry worked to make evident the importance of 
providing opportunities for students to engage in inquiring and working to 
solve non-routine mathematics problems.  
 Planning can never be underestimated and this was particularly evident in 
the data. Planning allows for the teacher to scaffold the learning of 
students and challenge and direct their thinking processes. Mathematical 
tasks need to be set that are more than just exercises (tasks designed to 
indicate mastery of a relatively small amount of subject matter), tasks that 
give opportunity for problem solving and reasoning. Planning questions or 
having a questioning framework to use was also seen as important.  
 Material use – choosing the appropriate materials to support instruction is 
not always something that comes naturally for new and experienced 
teachers in mathematics. This process always needs to be linked to the 
learning intentions and how to visually explore any misconceptions for the 
lesson/s. Planning needs to consider a variety of materials from big books 
to hands-on materials.  
Responding to Research Questions One and Two 
Drawing on the relevant findings from this study, as presented in Chapter 5 and 
briefly discussed above, responding to the research questions is now possible. 
What pedagogical practices are deemed suitable for implementation and 
maintenance of the strand reasoning? 
With reference to the pedagogical practices deemed suitable for 
implementation and maintenance of reasoning and summarised previously, the 
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following points recurred throughout the participants’ data. Questioning and 
interaction support a deeper level of thinking and the capacity to reason. The 
professional development of teachers and their practices leads to expanding and 
developing further teachers’ thinking and understanding of the “what”, “how” and 
“why” of mathematics teaching. The provision of opportunities for students to think 
critically leads to conjecturing, generalisation and making connections to wider areas 
of mathematics and the curriculum. Opportunities to think critically support student 
efficacy and in doing so positively influence their dispositions towards mathematics. 
The provision of appropriate curriculum and accompanying resources and materials 
leads to strong linkages between pedagogical practice, student achievement of 
learning intentions and success in mathematics. Finally, problem solving that 
includes reasoning and the process of inquiry leads to heightened engagement in 
teaching and learning by teachers and students. 
To what extent are students’ productive mathematical dispositions, as 
perceived by teachers, developed with the inclusion of reasoning and suitable 
pedagogical practices?  
The analysis in Chapter 5 identified several practices that contributed to 
increasing positively students’ productive dispositions towards mathematics. These 
practices have been discussed in the previous section. For the proficiency of reasoning 
to thrive in the classroom, the focus must be on teaching mathematical topics from the 
content strand, through problem-solving contexts and inquiry-orientated pedagogy 
which is characterised by the teacher “helping students construct a deep understanding 
of mathematical ideas and processes by engaging them in doing mathematics: creating, 
conjecturing, exploring, testing, and verifying” (Lester et al., 1994, p. 154). When 
reasoning is a priority, deep and wide understanding is a positive outcome. In Chapter 
2, productive dispositions were found to be related to how students saw sense in their 
mathematics and that what they were learning was worthwhile and contributing to their 
mathematics learning (Kilpatrick et al., 2001, p. 131). 
In summary in learning environments that emphasise reasoning and portray the 
X chart attributes where students are encouraged to communicate their reasoning and 
their ideas are valued and respected, this respect engenders students’ productive 
dispositions. At the same time students become intrinsically motivated to succeed at 
mathematics. Intrinsic motivation fosters productive positive dispositions toward 
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mathematics, which, in turn, encourages students to develop self-efficacy and 
mathematical autonomy as they discuss and share their understandings with their 
classmates. At the same time students enjoy doing mathematics and develop ownership 
of their learning. In such an environment and with such dispositions, students are more 
likely to engage in mathematical reasoning. 
This research suggests that with attention to the X chart attributes, teaching with 
reasoning as the goal, inquiry questioning, journaling, discussion, problem solving 
inquiry, planning tasks that give opportunity for problem solving and reasoning, and 
material use to support instruction, students can be encouraged to build productive 
positive dispositions towards mathematics in all mathematics classrooms. Based on the 
analysis, the researcher hypothesises that reasoning leads to greater productive 
disposition, which, in turn leads to conceptual understanding, which further increases 
disposition.  
The Contribution of the Theoretical and Methodological Framework to the 
Study 
Constructivist theory and action research as methodology contributed to 
understanding participant data in this study. Each will now be discussed. 
Constructivism and its application in the mathematics classrooms was identified as 
critical to the development of the proficiencies, in particular reasoning, and effective 
practices as discussed previously in Chapter 5 and above. Two contrasting models of 
pedagogy were identified from the analysis - (The shift observed by the researcher 
typically was from teaching procedures and memorisation, for students from 
consumption to construction, to mathematical inquiry and conceptual understanding 
leading to reasoning) and supported by the literature, a consumption model and a 
construction model of pedagogy, which brought the researcher to a place to develop 
the framework shown in Figure 6.1. 
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Figure 6.1. Construction and consumption models. 
These contrasting models reveal the importance of teachers understanding their 
pedagogy and the influence that it has on students working towards becoming 
successful learners of mathematics. That is, students need to have growth mindsets 
about mathematics which contributes to productive dispositions. This growth stems 
from the pedagogy of a constructivist inquiry model that is generated and powered 
by the proficiencies which support the implementation of content. As Dweck (2012), 
M
o
d
el
s 
Construction  
Leads to greater outcomes due to 
greater disposition and willingness to 
take risks and persevere (growth 
mindset).  
Builds on students’ proximal zone of 
development, understanding and 
reasoning through problem solving to 
develop fluency. 
Increases disposition as it makes sense 
and it is relatable, therefore worth 
persevering. 
Social constructive/ inquiry practices 
based on strategies for deep 
understanding, with the proficiency 
strands, in particular reasoning, driving 
the content. 
Consumption 
Builds the belief that only some people 
are good at maths (fixed mindset), 
therefore, effort won’t change ability. 
Needs concepts continually retaught to 
build memory. 
Traditional pedagogical practices based 
on rote, rehearsed learning, relying 
heavily on memorisation of isolated 
mathematical processes and ideas. 
Content strands drive teaching and 
learning. 
Works well for small percentage of 
students who have good memories. 
Askew (2012); Boaler (1999/2002 ); Bobis, Mulligan, and Lowrie 
(2013); Cooney (2001); Hirtle (1996); Kalantzis (2006); Kyriacou 
(2005); Middleton and Spanias (1999); Powell and Kalina (2009); 
Schoenfeld (1992); Skemp (1976); Wertsch (2001). 
(pp. 41–42 of this thesis) 
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according to her official website, argues “in a growth mindset, people believe that 
their most basic abilities can be developed through dedication and hard work—brains 
and talent are just the starting point. This view creates a love of learning and a 
resilience that is essential for great accomplishment.”  
The construction model requires pedagogy that sees learning mathematics as a 
process, then it follows that the teacher knows that teaching and learning 
mathematics is not a transmission of ready-made knowledge to be consumed, but the 
learner must actively construct his or her own knowledge, understanding and 
reasoning. The expectation that the students construct their own mathematics with 
their own understanding and reasoning in mathematics teaching, leads to a further 
legitimate expectation that the students are rightly expected to be able to explain and 
justify their mathematical ideas and reasons. The X chart played a role in gaining a 
better understanding of the complex mechanisms of mathematical interactions 
between teachers and students which led to a more student-centred teaching and 
learning, changing teachers’ beliefs, behaviours and interactions. 
The consumption model is based on a traditional approach which according to 
Boaler (2002) has a long-standing history in Australia. This approach is predicated 
on explicit assumptions about teachers, students and what constitutes mathematical 
knowledge and skills. It is grounded in a positivist paradigm drawing from the 
behavioural sciences. With this approach teachers are viewed as transmitters of 
knowledge to students who do not possess that knowledge and are expected to absorb 
it. The intention of this approach is to apply a “one-size-fits-all” model to teaching 
and learning in classrooms and to implement a prescribed curriculum that leaves 
nothing to chance to be discovered (Kalantzis, 2006). This consumption model has a 
long-standing tradition in the classroom and has been guided not by knowledge of 
how children learn best, but by convention and personal experiences and became the 
vehicle which has driven teachers’ mathematics pedagogy (Bobis et al., 2013). 
A consumption model of education positions the receiver of information as 
passive and their functioning trivialised (Wertsch, 2001) to “processes of repetition, 
replication and reproduction of received knowledge” (Kalantzis, 2006, p. 17). This 
model holds the belief that knowledge remains fixed and eternal and is taught and 
not discovered (Wertsch, 2001). The teacher provides information, demonstrates 
procedures, and determines whether the necessary knowledge has been acquired 
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through questions that require rehearsal and recall of the relevant facts or procedures 
(Kyriacou, 2005; Kyriacou & Goulding, 2006). Teachers generally behave in a 
didactic manner, transmitting information to students. 
The participatory action method of research empowered the participants and 
researcher to solve the problem of teaching and learning with the proficiencies 
working towards assessment in an inquiry process with “understanding, mutual 
involvement, change, and a process that promoted personal growth” (Kidd and Kral, 
2005, p. 187). The action research as a process and methodology enabled the 
research (a) to be grounded in lived experience; (b) to be developed in partnership; 
(c) to address significant problems; (d) to work with teachers rather than studying 
them; (e) to develop new ways of seeing/theorising mathematics teaching and 
learning; and (f) to leave a foundation for the proficiencies, in particular reasoning, to 
impact teaching and learning and most importantly dispositions and student capacity, 
in its wake.  
Addressing Research Question Three 
Research question three, the final research question, draws together the 
findings of Chapters 2 and 5 to develop deeper insights into pedagogical practice, 
student disposition and reasoning. 
What implications can be drawn about pedagogical practices, student 
dispositions and the inclusion of reasoning? 
This research supports the findings of a number of other studies as identified in 
Chapter 2. That chapter included negative associations between particular 
pedagogical practices and student engagement in mathematics learning (Bobis et al., 
2013; Boaler, 1997) and support for findings that effective pedagogical practices can 
lead to changes of such negativity (Barmby et al., 2009; Brooks & Brooks, 1993). 
At the same time there is evidence that professional development that is 
supported by a numeracy coach and through lesson observations and modelling could 
be improved in programs through wider school partnerships and participation. If such 
changes are to challenge the issues that continue to be reported in the research and 
media around student failure and low levels of teaching in mathematics, there is a 
need to intensify the focus on more extensive involvement by the wider school 
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community. This process would allow for more recognised and effective practices 
that provide sustained and well-maintained support for students. 
The X chart developed can be used as a pedagogical framework to support 
reasoning and enhance disposition towards mathematics. 
Limitations of the Study 
The contributions made by this study have to be considered in the context of its 
limitations. Although the study cannot claim generalisability across other populations 
of teachers and students, or across all mathematics classrooms because of the small 
select sample drawn upon, by highlighting the accounts of teachers and students in 
four mathematics classrooms and their associated experiences, it draws attention to 
the teaching and learning of mathematics and the key role played by the 
proficiencies. 
A further limitation was the time frame that did not allow for this action 
research project to travel through multiple cycles of action and reflection as a whole; 
however, within components multiple cycles were travelled, for example, the 
professional development cycles and weekly reflection within the one unit. Multiple 
cycles across all components and across more unit planning and reflection would 
have further consolidated this study.  
A further limitation was the irregular participation of all teachers. As this 
research was an action research study situated in a school, the complexities of 
professional and personal circumstances, as described, impacted on the ability of all 
participants to participate. The two Year 4 teachers, Emma and Eli, played greater 
roles in that they attended all the PD and rewrote and adapted their whole unit on 
multiplication to focus on reasoning. They also instigated the use of journals into 
their teaching and learning. 
Recommendations  
Based upon this research the conclusions and recommendations for teaching 
and learning in mathematics, from the inclusion of the proficiency strands, in 
particular reasoning, in the mathematics curriculum, are as follows: 
 130 Building teachers’ pedagogy practices in reasoning, to improve students’ dispositions towards mathematics 
1. The proficiencies need to play a central part in the planning to drive the 
content rather than vice versa.  
2. Mathematics planning, teaching and learning needs to be based on a 
constructive environment and inquiry learning model. 
3. The X chart as a strategy to support teachers with reflecting on their 
practice allows for the identification of practices and is a mechanism for 
ensuring that reasoning and student dispositions are brought to the 
forefront of their thinking.  
4. Reasoning has developed as the “glue” that holds the proficiencies 
together, as to be able to reason you need to be able to problem solve, in 
which fluency adds to efficiency and deep understanding is necessary for 
the ability to reason.  
This thesis makes an original and substantive contribution to the understanding 
of why and how teachers can most effectively advance reasoning as one of the 
proficiencies, with instructional strategies and style of instruction (refer to Figure 
6.1). For the five teachers involved it was intended to make a life-changing 
impression on teaching and learning in mathematics and thereby enhance students’ 
disposition in mathematics now and in the future. Through sharing this journey the 
hope is it will advance the proficiencies as a powerful influence on mathematics 
teaching and learning and teacher and student dispositions. 
Directions for Further Research  
Further research into open-ended inquiry tasks and big questions to capture the 
content descriptors at each year level to match the Australian Curriculum: 
Mathematics (ACARA, 2010) would provide teachers with a great resource 
particularly in primary school where teachers are expected to plan for multiple 
subject areas. This and other research draws attention to the fact that different kinds 
of tasks lead to different types of instruction, which subsequently lead to different 
opportunities for student learning (Doyle, 1988). The work students do is defined in 
large measure by the tasks teachers assign which determine how they think about 
mathematics and come to understand its meaning. Mathematical tasks with high 
cognitive demand often require students to make explicit their thinking. These tasks 
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are necessary for the advancement of reasoning, communication and connections 
during lessons (Kaur & Toh, 2012, p. 3). 
Alongside this would be effective and efficient methods of assessment of the 
proficiencies. Further research is needed on effective assessment mechanisms, for 
example rubrics, to justify the processes that understanding, problem solving, 
reasoning and fluency require in mathematics.  
This research justifies the necessity for the next release of the Australian 
Curriculum to place greater emphasis on the proficiency strands, how teachers 
therefore teach mathematics and the need to teach mathematics for relational 
understanding rather than just an instrumental understanding as Skemp (1976) 
describes the difference. The curriculum needs to give teachers the why and the how 
(strategies and styles); that is, not just what to teach but how to teach for deep 
understanding as well as procedural fluency.  
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Appendices 
Appendix A: Socratic Questioning 
Socratic questioning seeks to get the other person to answer their own questions by 
making them think and drawing out the answer from them. 
 
Retrieved from https://nancyrubin.files.wordpress.com/2012/04/socratic.jpg 
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Appendix B: Team Agreement 
 
 
 
Our Students: 
 Finding ways to let them lead learning 
 Empowered by the proficiencies 
 Time to verbalise their metacognitive learning 
 Resilience building 
 
Our Education: 
 Use iPads in project for development and purpose 
 Open to positive change 
 Keeping up with change 
 Work smarter and wiser so not an onerous task and so we can 
implement everything 
 
  
OUR 
STUDENTS 
OUR 
TEAM 
OUR 
PROJECT 
OUR 
BEHAVIOUR 
OUR 
EDUCATION 
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Our project: 
 Share our project with the rest of the staff and other schools 
 
Our Team: 
 Open communication 
 Proud of what we are doing 
 Supportive of each other 
 
Our Behaviour: 
 Punctual 
 Respectful of each other’s contributions 
 Supportive of each other 
 Flexible 
 Open to positive change 
 Take risks therefore okay to make mistakes 
 Not afraid to say I don’t know what you are talking about (no 
dumb questions) 
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Appendix C: Blank X Chart and Developing X Charts 
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Appendix D: PD PowerPoint Slides 
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Appendix E: Teacher Survey 
Reasoning Audit 
Reasoning in ACARA is the proficiency strand that requires students to prove that their 
thinking is mathematically valid or that someone else’s thinking is not mathematically valid. 
They need to show/demonstrate the mathematical process that they used to obtain their 
answers. This can be done orally, in written format (such as sentences or equations), using 
visual representations (diagrams, graphs or drawings) or using physical materials combined 
with explanations. Students need to demonstrate a process that is both (1) mathematically 
valid and (2) logically structured and easy to understand. 
1. Is this description a surprise to you? Do you believe that this is reasonable? Please express 
your opinion: 
___________________________________________________________________________
___________________________________________________________________________
__________________________________________________________________________ 
2. How often do you believe that your current mathematics program allows students to 
experience reasoning as described above? 
a. More than once per week 
b. Once per week 
c. Once per fortnight 
d. A few times per term 
e. Less than twice per term 
3. How often do you believe that you assess Reasoning to the extent explained in this 
description? 
a. Every week 
b. Most weeks 
c. Multiple times each term 
d. Once per term or semester 
e. Rarely or never 
 Appendices 169 
4. Do you encourage all of your students to reason and to share their mathematical processes 
when solving problems? Do your support students share their ideas as often as your extension 
students? Please comment: 
___________________________________________________________________________
___________________________________________________________________________
__________________________________________________________________________ 
5. Do you struggle with getting working out of your extension students? For example, when 
you ask “how did you get your answer” they reply, “I just knew it”. Please comment: 
___________________________________________________________________________
___________________________________________________________________________
__________________________________________________________________________ 
 
 
[Similar format was given for all proficiencies.] 
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Appendix F: Audit Scoring Development in Teacher Survey 
Teachers 1 2 3 4   1 2 3 4 
           
Problem solving 
audit 
          
Score Q1 4 3 3 3   4 3 4 No 
response 
Score Q2 5 4 2 2   5 4 4  
Score Q3 3 3 2 2   4 4 3  
Score Q4 3 2 2 2   4 3 4  
           
Reasoning Audit           
Score Q1 3 3 3 3   5 4 4  
Score Q2 5 5 5 5   5 5 5  
Score Q3 3 4 3 4   5 5 2  
Score Q4 2 2 3 2   4 4 3  
 13 14 14 14   19 18 14  
Understanding Audit           
Score Q1 4 3 3 3   4 4 3  
Score Q2 5 4 5 4   5 5 5  
Score Q3 3 4 5 2   4 5 3  
Score Q4 3 3 2 2   4 3 4  
           
Fluency Audit           
Score Q1 4 5 4 2   4 4 4  
Score Q2 1 4 4 4   5 5 4  
Score Q3 3 4 5 4   4 5 3  
Score Q4 3 2 3 2   4 4 4  
           
Totals 54 55 52 46   70 67 59  
 
Coding: Score each of the questions according to the following points. Each 
question (1–4) is scored out of a possible 5 marks. Each proficiency is scored out of 
20 marks. 
Question 1 on each audit: 
1 point: Refuse to believe the changes 
2 points: Expresses surprise and some indignation at the changes 
3 points: Expresses surprise at the changes, but not concern at the changes 
4 points: The definitions are not surprising and we have been trialling this 
5 points: The definitions are not surprising and we already incorporate this 
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Questions 2 and 3 on each audit: 
A – 5 points, B – 4 points, C – 3 points, D – 2 points, E – 1 point 
Question 4 on each audit: 
1 point: Significant differences between support and extension students in 
terms of opportunities to solve questions and to share. Support students “are 
not able” to solve problems. Alternatively, nobody has opportunity to solve 
problems. 
2 points: Support students have fewer opportunities because they “take longer 
with the basics” 
3 points: I try to give everyone opportunities to solve problems, but it is 
difficult with our lack of time/resources 
4 points: I try to make sure that support students have opportunities to solve 
problems regularly, but I provide additional support 
5 points: Students have equal opportunities to solve problems. Problems are 
adjusted to cater for differences. 
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Appendix G: Interview Questions  
Questions for interview: 
 What conclusions do you believe can be drawn for teaching and learning 
from the inclusion of the proficiency strand, in particular reasoning?  
 What effect has this project had on your planning and thinking in your 
current unit?  
 What would planning look like if it was based on the proficiency strand 
first rather than on the content strand? In a unit / In a lesson?  
 What pedagogical practices are needed/ do you recommend to implement 
and maintain the proficiencies?  
 Journaling and questioning came out as two key areas of pedagogy; can 
you share your experiences in the project in these two areas?  
 When emphasising the proficiency of reasoning did you observe increase 
in/ changes in disposition towards mathematics in your students?  
 What will you continue to do, work on, consider in your pedagogy in the 
future?  
 How would you share our project with another teacher? What would be the 
key aspects and why?  
 Would the X chart be useful to share with others and have in your planning 
or how do you think it would be best used? Could it be shared with 
students? 
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Appendix H: Consent Forms and Information Letters 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH 
PROJECT 
Parent and child 
Title of Project: Building teachers’ pedagogy practices in the 
proficiencies to improve students’ dispositions towards 
Mathematics 
QUT Ethics Approval Number 1400000315 
 
RESEARCH TEAM   
Principal Researcher: Ms Elizabeth Sansome Queensland University of Technology 
libby.samsome@student.qut.edu.au 
Associate Researchers: Dr Bronwyn Ewing 
Dr Grace Sarra  
 Queensland University of Technology (QUT) 
DESCRIPTION 
This project is being undertaken as part of Masters Study for Elizabeth Sansome under the 
supervision of Dr Bronwyn Ewing and Dr Grace Sara at QUT.  
 
I will be working with the year 4 and 5 teachers to consider how we teach mathematics at St Paul’s 
as we implement the new Australian Curriculum. The purpose of the project is allow us to work 
together to analyse mathematics teaching and to collaborate on how best to do this. 
 
We think that engaging in mathematical activity is a key to student success, and that students who 
see mathematics as sensible, useful and ‘doable’ will be more likely to work at understanding and 
improving at mathematics. As a teaching group we will meet regularly to reflect and discuss as we 
plan and teach our mathematics lessons. The study will also involve myself in making observations of 
teaching in classrooms. Discussing students’ work and the products of mathematics lessons will also 
occur in these collaborative planning sessions. 
 
The research will help us to know more about effective teaching and learning of mathematics and 
how this relates to students being engaged in learning mathematics. You are invited to provide 
permission for your child to participate in this project because your child is a student at St Paul’s 
Lutheran Primary School. 
 
PARTICIPATION 
The students in year 4 and 5 will not be involved in any class or program activities other than those 
occurring normally as part of the Mathematics program in the year 4 and 5 classes. I will be 
observing the class activities on two occasions, and I will make field notes about the teaching and 
learning that occurs. As part of this I may observe your child in class as he/she is involved in normal 
teaching and learning activities. However the observations will be on the teaching and learning 
occurring in the classroom, and the individual behaviour of students is not the focus. The 
observations will be used later by myself and the teachers as we plan collaboratively for future 
lessons. If you agree, some examples of your child’s work will be collected and the results of class 
assessments and tests may also be discussed. These activities often occur at St Paul’s as part of our 
normal curriculum and teaching work. On this occasion I am also involved as part of my study toward 
a Master of Education. 
 
Your child’s participation in this project is voluntary. If you do not give your consent by signing and 
returning the attached consent form, then no field notes of your child’s participation in the observed 
lessons will be made, and no work completed by your child will be collected and included in the 
planning discussions.  
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If you agree to allow your child to participate, you or your child can withdraw at any time during the 
project without comment or penalty. Your decision to allow your child to participate or not will not 
impact on your own or your child’s relationship with St Paul’s or Queensland University of 
Technology. 
EXPECTED BENEFITS 
It is expected that this project will not benefit you directly. However, by allowing your child’s teacher 
and other teachers at the school to reflect and focus on teaching and learning of mathematics it may 
benefit your child’s disposition towards Mathematics. St Paul’s believe it is very important to be 
involved in research towards best practice in education. 
RISKS 
There are no risks beyond normal day-to-day attendance at school involved in your child’s 
participation in this project. They will not be involved in any activities other than their normal 
mathematics lessons, and any work samples collected or observations made will not require their 
identity to be recorded.  
 
PRIVACY AND CONFIDENTIALITY 
All comments and responses will be treated confidentially unless required by law. The names of 
individual persons are not required in any of the data collected. 
 
CONSENT TO PARTICIPATE 
I would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. I would also like you to discuss this with your child and obtain their consent.  
 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require further information please contact one of the research team 
members below. 
 
Elizabeth Sansome – Master of Education Student  Dr Bronwyn Ewing 
07 5495 5899  07 3138 3718  
Libby.sansome@student.qut.edu.au Bf.ewing@qut.edu.au 
 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects. However, if you 
do have any concerns or complaints about the ethical conduct of the project you may contact the 
QUT Research Ethics Unit on [+61 7] 3138 5123 or email ethicscontact@qut.edu.au. The QUT 
Research Ethics Unit is not connected with the research project and can facilitate a resolution to 
your concern in an impartial manner. 
Thank you for helping with this research project. Please keep this sheet for your 
information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
Parent and Child  
Title of Project: Building teachers’ pedagogy practices in the 
proficiencies to improve students’ dispositions towards 
Mathematics 
QUT Ethics Approval Number1400000315 
 
RESEARCH TEAM CONTACTS  
Elizabeth Sansome – Master of Education Student  
Queensland University of Technology 
Dr Bronwyn Ewing 
Queensland University of Technology 
07 5495 5899  07 3138 3718  
Libby.sansome@student.qut.edu.au bf.ewing@qut.edu.au 
 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on  07 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
 Have discussed the project with your child and what is required of them if participating.  
 Agree for my child to participate in the project. 
Name  
Signature  
Date   
 
STATEMENT OF CHILD CONSENT 
Your parent or guardian has given their permission for you to be involved in this research project. 
This form is to seek your consent to participate in the research.  
By signing below, you are indicating that you: 
 Have read and understood the information about this project. 
 Have discussed the project with your parent/guardian.  
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can ask Mrs Sansome or your 
teacher. 
 Understand that you are free to stop being involved at any time, without upsetting your 
teachers or your parents. 
 Understand that you can ask your parents/guardians to contact the Research Ethics Unit on 
[+61 7] 3138 5123 or email ethicscontact@qut.edu.au if you have concerns about the ethical 
conduct of the project. 
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Name  
Signature  
Date   
 
Please return this sheet to the investigator. 
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PARTICIPANT INFORMATION FOR QUT RESEARCH 
PROJECT 
–Teachers 
Title of Project: Building teachers’ pedagogy practices in the 
proficiencies to improve students’ dispositions towards 
Mathematics 
QUT Ethics Approval Number 1400000315 
 
RESEARCH TEAM   
Principal Researcher: Ms Elizabeth Sansome Queensland University of Technology 
libby.samsome@student.qut.edu.au 
Associate Researchers: Dr Bronwyn Ewing 
Dr Grace Sarra  
 Queensland University of Technology (QUT) 
 
DESCRIPTION 
This project is being undertaken as part of Masters Study for Elizabeth Sansome under the 
supervision of Dr Bronwyn Ewing and Dr Grace Sara at QUT.  
 
The purpose of this project is to build teachers’ pedagogy around the four proficiencies in the 
Australian curriculum mathematics, but in particular reasoning, and to investigate and analyse 
teachers’ reflections and conversations as they work together to reflect and renew pedagogy in 
mathematics. Should you participate you will be asked to participate in reflective discussions and to 
make comment about their role in  
1) effectively communicating the ‘how and why’ of mathematical ideas and how they are related; 
2) understanding the thinking processes involved in developing ideas; and  
3) facilitating students’ development of productive mathematical dispositions.  
 
The study aims to: 
• draw conclusions for teaching and learning in mathematics when the proficiency strand in 
the mathematics curriculum is included in mathematics lessons; 
• develop pedagogical practices suitable for implementation and maintenance of the strand; 
• evaluate whether teachers feel that students’ mathematical dispositions increase with the 
inclusion of the proficiency strand and suitable pedagogical practices and learning from the 
study about pedagogy and student disposition?  
The research questions are: 
• What recommendations for teaching and learning in mathematics can be drawn from the 
inclusion of the proficiency strand in the mathematics curriculum in particular reasoning?  
• What pedagogical practices are deemed suitable for implementation and maintenance of 
the strand?  
• Do teachers observe students’ mathematical dispositions increase with the inclusion of the 
proficiency strand, in particular reasoning, and suitable pedagogical practices? and, 
• What can be learned from the study about curriculum change, pedagogy and student 
disposition? 
 
You are invited to participate in this project because you are a teacher at St Paul’s Lutheran Primary 
School and have indicated your interest in learning more about teaching the proficiencies in 
mathematics. 
 
PARTICIPATION 
Your participation will involve: 
1) six hours of professional development with colleagues and Elizabeth Sansome;  
2) the completion of two online surveys (pre and post project) which will take approximately 
30 minutes of your time; 
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3) having Elizabeth Sansome observe in your classroom on two occasions as you teach 
mathematics lessons which specifically focus on the proficiency strand. It is anticipated that 
these observations will be for approximately 40 minutes on each occasion; and 
4)  being involved in a semi-structured interview (anticipated half an hour duration) at the end 
of the six week project to discuss the value of the project as a way to build pedagogy in the 
proficiencies, emphasising reasoning, and the effect on student dispositions. 
 
Audio recording of professional development sessions and the semi-structured interview will enable 
the researcher to participate and then later analyse the data.  
 
The six hours of time given for the professional development element of participation will be 
compensated for you with a teaching release day in lieu for your own planning.  
 
The questions to be used in the survey are attached for perusal. 
 
Your participation in this project is entirely voluntary. If you do agree to participate you can 
withdraw from the project without comment or penalty. If you withdraw, on request any individual 
data already obtained from you will be destroyed. As some of the audio recordings will include 
multiple participants (such as the recording of discussions of the groups) it will not be possible to 
destroy these recordings without also destroying data collected of others. In these instances I give an 
assurance that no comments made by you will be used in the analysis if you withdraw, however the 
recording will not be destroyed. 
 
Your decision to participate or not participate will in no way impact upon your current or future 
relationship with QUT or with the school that you are employed at. A withdrawal form is attached 
should you wish to use it at a later date.  
EXPECTED BENEFITS 
It is expected that this project will benefit you directly by increasing your knowledge, understanding 
and pedagogy in the area of the proficiencies and by providing you with six hours of professional 
development towards the required twenty hours. This will also be helpful to you as you work toward 
attaining teacher standards in: 
Professional Knowledge – Know the content and how to teach it and plan for and implement 
effective teaching and learning; and Professional Engagement – Engage in professional learning and 
engage professionally with colleagues.  
To recognise your time contribution, should you choose to participate; I will arrange for you to be 
released from teaching for one day of planning as a way to compensate.  
 
RISKS 
There are few risks beyond those associated with everyday teaching practice related to participation 
in this research. There is a risk of inconvenience because of the time commitment, and a small 
chance that you may feel some discomfort when required to reveal information about your practice 
in interviews and reflections. There is also chance that you feel coerced into participation because of 
our relationship at the school.  
You will be provided with a planning day to compensate you for the time taken to be involved. If you 
feel any discomfort during the discussion or interviews you should feel free to stop or leave. I also 
give you my guarantee to not use information collected during this project in my other roles at the 
school, and I promise you confidentiality beyond the group. At our first professional development 
session we will discuss as a group what working in the group should entail for us all.  
However you should also know that if you did feel any discomfort as a result of participation, QUT 
provides for limited free psychology, family therapy or counselling services for research participants 
of QUT projects who may experience discomfort or distress as a result of their participation in the 
research. Should you wish to access this service please contact the Clinic Receptionist of the QUT 
Psychology and Counselling Clinic on 3138 0999. Please indicate to the receptionist that you are a 
research participant. 
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PRIVACY AND CONFIDENTIALITY 
All comments and responses will be treated confidentially unless required by law. The names of 
individual persons are not required in any of the responses. To ensure your identity is protected 
during the study and in the publication results, pseudonyms will be used in any publication of data 
from the study. 
This project involves audio recording and you should know that: 
 the audio recording will be used for no other purpose than this research project; 
 the researchers and the four teacher participants will have access to the audio recording to 
help with our discussion; and  
 it is not possible to participate in the project without being audio recorded. 
 
CONSENT TO PARTICIPATE 
I would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. 
 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require further information please contact one of the research team 
members below. 
 
Elizabeth Sansome – Master of Education Student  Dr Bronwyn Ewing 
07 5495 5899  07 3138 3718  
Libby.sansome@student.qut.edu.au Bf.ewing@qut.edu.au 
 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects. However, if you 
do have any concerns or complaints about the ethical conduct of the project you may contact the 
QUT Research Ethics Unit on [+61 7] 3138 5123 or email ethicscontact@qut.edu.au. The QUT 
Research Ethics Unit is not connected with the research project and can facilitate a resolution to 
your concern in an impartial manner. 
Thank you for helping with this research project. Please keep this sheet for your 
information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
Teachers 
Title of Project: Building teachers’ pedagogy practices in the 
proficiencies to improve students’ dispositions towards 
Mathematics 
QUT Ethics Approval Number 1400000315 
 
RESEARCH TEAM CONTACTS  
Elizabeth Sansome – Master of Education Student  
Queensland University of Technology 
Dr Bronwyn Ewing 
Queensland University of Technology 
07 5495 5899  07 3138 3718  
Libby.sansome@student.qut.edu.au Bf.ewing@qut.edu.au 
 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
 Understand that the project will include audio recording. 
 Agree to participate in the project. 
 
Name  
Signature  
Date   
 
Please return this sheet to the investigator. 
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Dear Parents of Year 4 and 5 students,  
Currently as Head of Teaching and Learning at ………… my job is to manage 
curriculum and to research best practice in teaching and learning working 
predominately with the teachers in embedding this at ………. With the roll out of the 
Australian Curriculum and changes constantly in the world we live in it is important 
to continually analyse and reflect to give students every opportunity possible to have 
the skills, attitudes and knowledge to thrive in the future. 
To help me do this even better I am working on a Masters in Educational Research in 
Mathematics Pedagogy. Pedagogy is the function or work of teaching, it is the art or 
science of teaching and instructional methods used. We know not everybody can 
teach and we also know people learn differently and have different needs. Pedagogy 
takes into account all of these aspects. Teaching is a multi-faceted craft.  
Please read the attached request form with further details outlining your child’s 
involvement and providing this is acceptable to you please return the permission slip 
by Friday May the 30
th
. Enclosed is also a withdrawal of consent form which is 
required by QUT and for your use if required.  
If you have further questions please contact me at school (5495 5899) or email me 
curriculum@......... 
Blessings, Libby Sansome 
Head of Teaching and Learning 
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Appendix I: X Chart Developed in the Study 
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Appendix J: Five Principles for Effective Questions  
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